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PROVIDED IS A COMPILATION OF PAPERS AND REPORTS WHICH 
WERE PRESENTED AT JOINT SESSIONS OF THE 1966 ANNUAL MEETINGS 
OF THE ASSOCIATION FOR THE EDUCATION OF TEACHERS IN SCIENCE 
(AETS) AND THE NATIONAL SCIENCE TEACHERS ASSOCIATION (NSTA) . 
THE PAPERS DISCUSS (1) THE ENTRY INTO THE SCIENCE TEACHING 
PROFESSION, THE LEGAL VERSUS PROFESSIONAL CRITERIA FROM THE 
STANDPOINT OF THE COLLEGE DEAN, THE STATE DEPARTMENT OF 
PUBLIC INSTRUCTION, THE SECONDARY SCIENCE EDUCATOR, AND THE 
ELEMENTARY SCHOOL SCIENCE EDUCATOR, (2) RESEARCHABLE PROBLEMS 
IN SCIENCE EDUCATION, RESEARCH DESIGN AND OPERATIONS, AND (3) 
AUDIOTUTORIAL INSTRUCTION AS A VEHICLE FOR TEACHING SCIENCE. 
THE REPORTS DEAL WITH (1) PREPARING TEACHERS FOR THE JUNIOR 
HIGH SCHOOL, THE TECHNICAL SCHOOL AND THE JUNIOR COLLEGE, AND 
FOR TEACHING THE CULTURALLY DEPRIVED: €25 THE SCIENCE METHODS 
COURSE FOR SECONDARY SCHOOLS » AND (3) GUIDELINES FOR THE 
DOCTORATE IN SCIENCE EDUCATION. (DS) 









EDO 17471 



Toy 

'*>• 



ASSOCIATION FOR THE EDUCATION OF TEACHERS OF SCIENCE 

1966 CONVENTION 
April 1,2 
Nevz York City 



COMPILATION OF PAPERS AND REPORTS 

from sessions held in conjunction 
with the convention of the 

NATIONAL SCIENCE TEACHERS ASSOCIATION 



i 

» 

j U S. DEPARTMENT OF HEALTH, EDUCATION A W'lEAlE 

OFFICE OF EDUCATION 



I THIS DOCUMENT HAS SEEN REPRODUCED EXACTLY AS RECEIVED FWM THE 

1 DENSON ON ORGANIZATION OMGINATtNG IT. POINTS OF VIEW ON OPINIONS 

| STATED DO NOT NECESSARILY REPRESENT OFFICIAL OFFICE OF EDUCATION 
POSITION ON POLICY. 



t's 

«v> ; 



Bwwrswtw i 




o 

ERLC 






#ww&m ^jwwawsgisws^ 



ASSOCIATION FOR THE EDUCATION OF TEACHERS OF SCIENCE 

TABLE OF CONTENTS 



Papers Presented at General and Joint Sessions 

Entry Into the Science Teaching Profession: 

Legal versus Professional Criteria 

From the Point of View of 

The Dean David S. Sarner 

The State Department of Public 

Instruction. . . Mary B. Harbeck 

The Science Educator (Secondary) . . Stephen S. Winter 

The Science Educator (Elementary) Rose Laramel 

Researchable Problems in Science Education: 

Design and Operations Maurice Belanger 

Audio Tutoring - A Vehicle for Teaching 

Science S. N. Postlethwait 



Reports of Concurrent Sessions 



Committee Report 

Guidelines for the Doctorate in Science Education 



Page 






3 

5 

8 



12 



16 



Session 


A: 


Preparing Teachers for Junior High School 


29 


Session 


B: 


Preparing Teachers for Technical Schools 
and Junior Colleges 


30 


Session 


C: 


Preparing Teachers for the Culturally 
Deprived 


32 


Session 


D: 


The Science Methods Course for Secondary 
Schools 


34 



44 



i 






i 



i 



''.I 1 , 1 '" 11 1 ‘ "" ' 



'.YV : - 






> r»»" yy/?<T? ^ 7 < 



i 



-1 



ENTRY INTO THE SCIENCE t TEACHING ^QgESSIQWs._:. _. :....; 

LEGAL VS. PROFESSIONAL CRITERIA r, T‘ rT - 

David S. Sarner ' ’ ^ 

Dean of Instruction, Keene State College 
Keene, New Hampshire 



The Dean* s Point of View 

" * t * - * ... 

For the past 12 years I have been dealing with the problems of Entry Into • ■> 
the Teaching Profession . As Director of Certification at Temple University, and *?*- 
now as Dean at Keene State College, the problems are generally the same - howcan~ 
we in teacher education keep the standards up while the professionals in the 
field cry for teachers to fill the classrooms in their continually expanding . 
SChOOle? •• ... /•• 

Tn l958, Jack rrymier and I did a study ^ ^ ^ which took a look at therequire-^' 
ments throughout the United States for certification in mathematics and science 
Vie tried to ascertain what comprised adequate preparation for teachers -of the ’ r! ' 
subjects and we also attempted to determine what it was that made thin prepara- 
tion adequate* 

ftavingno set, accepted standard against which to compare, we were then re- ; 
luctant to say how much is enough. (I am pleased to note here that as a result -‘mr 
of -this study - the NASDEC Guidelines were eventually conceived). The data iiH-'w i 
the study, ^however, ; seemed to indicate' that certification requirements for teachers 
of sbience^hrou^lout the United States are not generally agreed upon and not • ♦ ■ i 
general Ijf high • In other words, there seemed to be considerable laok of agreement 
amongvthe ’States upon what constitutes acceptable minimal standards, although ■" 
most states agree fairly well upon the amount of professional education required : 
for certification. 



I I „ v 

Host of the states are vague in setting forth the specific subjects which a 
prospective science teacher must have before he can be certified to teach. Almost 
without exception no mention is made regarding the quality of this preparation. : 
That is, ^ prospective teacher could complete the number of hours required f6x** ; c** 
his teaching field^of science With minimal grades, for example, all ’'D's*' &o 1 long ; 
as he has maintained a grade point average satisfactory for graduation, and still - 
be certified : to teach in these particular subject matter areas. V 

; >: It seems .. that many of t^e' : inadequacies which currently exist in various .state 
certification laws can and should be remedied r by teacher education institutions • £ 
The various colleges and universities can and must insist upon higher ths^ i^pi-r , 
mal requirements in academic preparation. Obviously this is already being done 
in many places; all institutions engaged in preparing scienoe ' teachers should^ 
oonoider the possibility of oarefully evaluating their own institutional programs 
and minimum requirement. ' rr • : u 

'X' ' ~ j ; r • ’s " , * V < * , r / J J .7 ViCSl&t 

During th$ past 8 or IQ. years, thousands upon thousands of science teachers, 
have availed i^emselves of the opportunities afforded them through the programs, 
supported by. N.S.F. funds. Surely this reinforcement of the science background .. ; 
of a large number of teachers presents an opportunity to enable the varioiw states 
to sti jngthen or raise basic requirements for certification in the soiences. 






In recent years the State of New Hampshire has made a strong effort to in- 
crease certification standards in the sciences. Although they have changed the 
regulations so that 30 semester hours are required in a major teaching area and 
that a ‘minor teaching area requires 12 semester hours, they still allow’d * 
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person with only 6 semester hours to. teach in a subject * Therefore, any college 
graduate who satisfies the general education requirements for a baccalaureate 
degree - 6 to 12 hours of science - can qualify to teach a science course in the 
public schools of New Hampshire. , 

Obviously the training institution cannot fill in all the certification loop 
holes. They must, therefore, rely upon the state certification agencies to main- 
tain high standards. Host state certification officers are trying to hold the 
line butT what can they do when the hiring officials of the state's public schools =•£: 
clamor for teachers? Shall the superintendent close down a class? Theoretically 
we will answer, "Yes!” but practically we know he cannot do this. So f he looks 
around for alraoslihny warm body to "hold the fort" until he can f ind an adequately • ! 
prepared teacher* 



•U* 



A training institution cah and does insist upon adequate standards. But if? , 
• A - New Hampshire, for example, has a 



does face some problems peculiar to the State. *— >■ — .. r ~— — ? — 

large number of non-degree people who have been teaching for a number of years. 
Noth in g can be done to force these psople back for a degree. ^.Fortunately, hundreds 
of them have returned for additional courses leadings to aj degree. • With these 
teachers, it is .possible to require content courses which will bring ..the subject 
matter knowledge up-to-date and build up a. knowledgeable concentration. : v 



-> 



There seems, then to be a definite need for some sort of uniform minimail 
code of requirements for certification throughout, the. United States. Perhaps the 
time has ,oome to suggest support from a funding organisation to ..support, a series...: 
of meetings, between .the certification officers of the various states and represen- 
tatives from'lA*$K l P«S. which would prove instrumental 'in .upgrading the c^rient^de-. 
ficiencies.h <Guttr.of such a meeting might come a rprogram such as .Watson'* 'suggested 
in r which full-year courses in biology, chemistry, mathematics, and physios pal- 
ing approx imat ely 32 semester hours as a foundation program "for any prospective ,. k .. 
science. teacher, irrespective of his special -interests" would be required* .As- 
Watson pointed out, the Steelman report made such recommendations as far back as 
1946. but so far these appear to have gone unheeded. . 

Let us. .then in A.S.T*S. continue in our slow progress toward the development: : - 
of an acceptable program fo^the,. training of science teachers at .both the .element 
tary and .-secondary levels*.: A few regional seciions.have already stalled op this 
task. This convention will also consider the "Guideline for the Doctoratq ,-in- . 
Science Sduoation." Isn't it time then, that A*S.T.§. assumes its role of leader- 
shin in Science Education? Uhy.. can't A.E.T.S* complete its recommendations-for. 



m./ 






i ;• 



scienoe teachers, then organize a series of regional meetings with the State Cer- 
tif ISitiQh Officers of those regions, arrive at acceptabile minimal st^dards,'. and 



XXI lCdvlUU vilAvoxo wi wuvov « w c> . ? ^ r .. 4 ,v 

then*8ftil J fbr> nationwide representative conference i^hich cAn' develop a hnifoxitt . 
miniMf ^ocie^bf requirements for certification through the United Stages? 

Dajq r/WSpCOntinue to ignore these recommendations? Js it possible th*$<.we ,pan :; 
getrmsteoand better science teachers by having low minimum requirements?,,,^, ; r 
teacher' s organizations observe the problem of inadequate standards without ,.; j u 
taking action and still profess professional status? Can state legislatures or 
eduebtifei -libards justify creating situations wherein prospective tehchbrs Spend 
two of ibrb’^easps in general education and sometimes less than one full semester 



; t f S * * 1 vix.r-;* v ’ '* •* - / >;/x # 02s J .IVX 1 # • *. 

Questions such as these deserve serious consideration and then, vig 
action^; i^'ail-conce^W. - ^ 






(1) Sarner and-Frymier, "Certification Requirements,, in liatheraatics .and Spience,, , 
School Scienoe and Hathematios , June, 1959* 456-460. 

(2) Watson, Fletcher G., "Course Requirements for Future Science Teachers, 

I The Scientific Monthly . December, 1957 » 32-323* 
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■>!]»*. INTO THE SCIENCE TEACHING PROFESSION: 

••■!: • ' : ' ! ' - -LEGAL VS. PROFESSIONAL CRITERIA f \ 

*IIary Blat^ Harbeck . :, 

..... .-. University , o£ tjary land ,• [ 

College Park, Maryland. 

. . ; j ; ' : *\ ' . ■ . : j ;* 

'I , . f * t .» i * . ; . ’* " V l * • . * ‘ 

The State ■De-par tment of Public Instruction^ Point of view 

It is not necessary to review in detail, the criticisms which have been 1 

leveled at state departments of education about arbitrary credit counting and 
inflexible certification rules . -There are those whp.say s^ate. departments set , 
the re<^re$0ifts much too W and others who say ihat r stat© departments should 
not set standard® at all* . However, let. us consider ’some i’.of t^e -practical and., . . 
philosophical problems . f aced by an agency which must assume , the responsibility 
for maintaining and enforcing. e, certification system. . . 

In Pennsylvania, as in other (-states , 1 >a ; gradual transition is being made from . 
the ’actual counting of credits ^and i issuance of certificates to the "program ap*- 
proval" approach. This seems to (be ran admirable way to make : it possible for 
teacher education institutions to provide andm&intain well-planned, high quality * 
programs for the preparation of new teachers. The outlook for the future- supply, 
of esfcel^ent, ^ plan, is promising. ., , ... 

lie e&iy by this method* ‘produce candidates who are highly competent, al-* 
though still ‘apprentice scientists and who also have a professional commitment to; 
teaching. Other candidates,' because they lack either the high competence; rin ; f v'-. ; 
science 'or in teaching -can ‘.be diverted from the teaching field.; This, f rdmvonr b c % 
viewpoint , is fine • 1 -But , 's’state department’ certification of fleer is forced to bnx 
face school superintendents who are unable ! to ’find enough teachers certified 
science to meet’ the ever 'growing demands • Tn'bircumstances -like this it is diffi^' 
cult for him to deny interim or emergency certificates to candidates who do f notq c;/. 
meet the minimum requirements. 



Uhen the state evaluation teams require an institution to provide science 
teacher education as described in the AAAS-NASDTEC Guidelines in order to get 
"program approval," the institutions are sometimes unable to hold enough students 
in the program to keep it going economically. Highly creative, imaginative stu- 
dents may well be interested in more than one discipline and will be lost to 
science if they can gain satisfaction in teaching another discipline which pre- 
sently, at least, is not so rigorous and time-consuming in its preparation re- 




There is evidence that people from average intellectual* levels may 
measure of the compassion and empathy so essential for good teaching* 



a large 



There is, however, another viewpoint from which vie must look at this topic* 
The responsibility for maintaining a system of public education is delegated to 
the state governments. It is sometimes painful t? remember this, because all of 
us, inoluding state* certification officials, like to attack the teacher certifica- 
tion and supply problems with a philosophical approach of mutual conoern rather 
than by legislative decree. Teacher preparing institutions and state departments 
jointly share the responsibility for carrying out this public trust. 

Liberal Arts and Education professors must temper their academic freedom 
with concern for the public good as they set about educating teachers. A state 
department official feels even more strongly the limits to the freedom he can 
exercise. 
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As he strives to increase and improve the supply of .certified teachers 
available, he must constantly find a livable middle road -through the maze of 
pressure uoon him. Certification officers know that counting course titles 
and credits vail not reveal the qualifications of the candidates. But, an objec- 
tive line must be drawn and applied to all those seeking certification. 



The battle is never ending to strike a balance between steadily developing 
certification requirements and too quickly adopting changes to reflect a short- 
lived trend in educational practiced When state boards, of education move slow ^ 1 
and educational leaders jump onto bandwagons quickly, the certification official 
is caught in the middle. 



Organizations such as AETS have a role to play in the support of state de- 
partments. Certification officers look to us for leadership in recommending , 
needed changes and for support in getting these changes implemented. As staff 
members in institutions with "program approval.," vie can, actually have the res- 
ponsibility 'originally delegated by the state to the office of the certification 
official. There are those who question the legal right of a state department to 
delegate this authority, but inasmuch as it is being done, we cannot regard the 
responsibility given to us, i lightly. If we are preparing teachers, then we should' 
perhaps .accept . the [credits^ and hours : available to us and use -this time f oi? . - • - 
teaching by e:amplei the nature iof- science, a love for it, and good ways wf 
teaching iti ! • ; ' ’ 



As long as state departments have authorities mandated by state constitutions, 
we cannot hope to brush completely away legal requirements for certification. 

Ifhy : not instead capitalize on. the. responsibility given to us by- the ."program apr*. 
proval” approach and make science and the teaching of it attractive to potentially 
good teachers. Then, »we Gan prepare them to teach by using .imaginative techniques.. 
and careful choices of content. This would leave the state certification official*, 
free- to capitalize on the unique contributions which can be made by individuals ;-, 
and institutions . to the science teaching profession as he fulfills his 
responsibility. . 
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7 . :?.IY INTO THE- SCIENCE TEACHING PROFESSION: 
LEGAL VS. PROFESSIONAL CRITERIA 

. ;■ s: ; * ■'• 't ■ 

Stephen S. Winter, Associate Professor 
State University of New York at Buffalo 



The Secondary School Science Educator’s Point of View 



"Entry into the Science Teaching Profession, Legal versus. Professional Cri- 
teria"' is sin: intriguing topic because the "Versus" implies ah" antagonism between 
the two . Obviously there is not. Professional requiremeiitfe^mbodied the goal 
which is sought, and the legal processes attempt to-' codify the achievement of thiB 
goal. Consequently, I should like to interpret the versus as distinguishing be- 
tween the substantive aspects of entry — the knowledges and skills which a pro- 
fessional science teacher should have — and the process aspects of entry — • 
the path by which he finds himself labeled "certified. 1 ! f ; 



<; I shall say only a very few words, about the substantive aspects of certifi- 
cation although these are probably more troublesome than the procedural aspects.. 
With knpwle^); t ^owijag explosively and our ideas about what constitutes good 
science _ teaching changing along with it* the- skills and knowledges which we wish 
our Packers to exhibit change equally as drastically. The sad state of affairs 



of legal' criteria can be illustrated by the recently, adopted minimum certification 



requirements of New York State: "One year each in biology, chemistry, the earth 

sciences;., mathematics and physics, and a second year in. the science in which cer- 
tification's sought for provisional certification (good for five years), and a 
third year ; . in the science in which certification is sought for permanent; certifi- 
cation (good forever).*. 1 . . > : . -it . t*.. > 



That this is a statement of minimum standards is self-evident; that if repre- " 
sents aii^i^rbysilipnt ’over previous standards is a tragic commentary on how 
realities ^ve histoticaily kept our aspirations low. VHiatever the ^.desitabie . . ^ „ 

level of cbmpeiehce in a' science might be., I am convinced that in ^ 

of study will not achieve it and i am Sven morS convitoced. that a . b^Ok^C^d^of , ; 

three years of study in a science is barely sufficient to maintain competence for 
even five years; let alone forever. But we could argue this point a long time. 

We are discussing criteria for .entry,, and I know, of no way to makea. candidate • 
promise: that he* Will keep, professionally alive;.- .. r * 

. /in't&e area 4f professional ediicatioh we are perhaps "ih a bettSf positio^ . . ^ 

At ieaSV/6ur Critics say we are using' too much of ifee college time for' trivia*. 4 * “ 
Our poHtioh^rbbably better still if we knef* ’ specifically . what 1 we ' ' J ^ 

wanteL^i&t if’ is : fcearly impossible to specify the behaviors of the good teacher ^ ^ 
and it is more' impossible to find the operational link betWeen the courses "in 
psychology and philosophy he takes and his ability to demonstrate these behaviors. 
But even >-if 1 this were possible,.: we could not guarantee his having demonstrated 
competence in the, behaviors on the basis of five or six observations during prac- :• . 
tioe teaohing .under, to put it: mildly, unsettling conditions. In this area; too, f 
it is easier^. to specify what professional demands are insufficient than to spe.ci—*..; 
fy those which are sufficient. .jmoc 

' ‘ Thi^ b^ihigis riie to v consider the process by which certification is bbihinediVf^^ 
I shall make a suggestion for an alternative process that might 1 serve as the : ' r 
basis for discussion. . . * 1 r 

“Letrme point out that certification is typically? achieved". Upon the recom- _• 
mendattoii of a college or. university after a student has passed a certain number i 
of required courses and has demonstrated some proficiency in practice teaching. 
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In other words, the process of* achieving certification is one in which the state 
sets certain criteria and the college recommends . the candidate after he has met 
them* (Alternatively, the college does not recommend hut the state looks over 
credits independently). 



Now I think there are two things wrong with this process, quite aside from 
the substantive questions I have mentioned above* The first thing that is wrong 
is that the wrong agency makes the judgment of competence and the second thing 
that is wrong is that the judgment -is made at the wrong time. ----- '• — 



Y.' * 



- host , if not all, .other professions in which criteria for licensing must be 
met,;, have devised a process which separates the institutions that educate from 
the institutions that judge achievement of professional criteria. . Typically a T v/M 
college or university, educates and some committee of practitioners examines. • r *•- 
There. are many aspects of this that vie could discuss, and I want to stress imme- 
diately, that I have no. great faith in single examinations. But I also think 
that there are at least two dangers in having the institution: that educates be -icf’ 5 
the sole judge of the adequacy of its program. The temptation- to ignore ’defie r 
ciencies may be too strong, I wonder how many college faculties. . or administrations 
would 1 admit that their product does not meet certification standards because of < . 
program deficiencies/ At this point I tremble at the thought that Cchdnt.'s re- " 
commendation from' The Education of American Teachers should ever be implemented. '; 

X si^cbrely dread the ' thought of leaving entry criteria entirely, to the judgment "., 
of college faculties. X reiterate, that I think it is undesirable to have the . , L , 
college sit asthe sole judge ofthe achievement of criteria. ’ y 

- > There is an even; more compelling reason for removing that judgment from the ; •••- 
college.u The short period- of practice teaching is; an opportunity to learn, n6t 
a time, for judgment. If the college must attest ‘competence it must also judge.* 

I am convinced that the half dozen or so visits made to a student teacher ?s / f -o, 1 
classroora. during student teaching are times of ..^tmost terror, tp., him and that any 
judgment made by the . ’college supervisor is a " v n r.png judgment . The , sampl Ing r i s 
too brief jthecohdiiions too artificial. Indeed the, objectives pf , practice . , _ 
teaching are defeated by this. This point has been argued in the supervision ' ’ v 
literature for' many years. I am astonished thai it has received so, little play 
in the context of student teaching. ,/.. .. ..... . 7 ,, ... 

Moreover/ it has always seemed incredible to me that we can certify a teacher 
at the college and at the state capitol, and then deny him tenure' -on the basis 
of incompetence. Using practice teaching to judge competence immediately implies ~ 
that the. pew teacher .is indeed, fully qualified when he has, been recommended r for 
certification. , ’ Nothing is further from the truth, as any first-year, teacher .will 
tell you. ,., I.jb„is toung his firs^ year that he Really lparns, to, r t^ap|h .an^ that^ .. .. 
he whether he has met enty^ criteria. ^ Tfiis. 'fixi t t ygar ' ' 

a time" Whep^e"^ needs heip,‘ { pnd it is a much better timp. fpr review of 

•• .;„r. Mtv • r s . J ’.-.M ».• ..:Uy r.- \j.' ~ 

Therefore, regarding the legal versus professional; criteria: of the process 
of certification^ >; I vrould like to make a suggestion -somewhat as follows ii. First, ^ 

I would not certify either provisionally' or permanently upon completion of ;a ; " 
pre-service- collegiate program.- " The program might still • have certain required r? , 
components but its completion would allow the teacher only opportunity tou'demon-: 
strate . cpppetence in a classroom pprhaps for one year. It would be t)ie . equivalent 
to the lp^^ers peimiii.i.in driving. .Second, - 1 ..would appoint distr^t^o^ ppupiy . 
supervisors of instruction whose sole function would be to work first-year, 
Teachers in their area of competence. These supervisors would plcK'up where' the" ' 
colleges' 1 left off . • Their function would be to. visit the newiJieacheirs on ar regu- 
lar 'basis: and help them with curriculum planning, classroom problems? and the, fr brer 

’•v..: * .?-.j w.ijtjZ' vi 'u. 
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host of other matters that typically swamp them. I am convinced that this help 
is absolutely necessary for first-year teachers and I am furthermore convinced 
that it is not, and by and large cannot, be given by building principals or 
building supervisors. Third, this supervisor, who would probably visit each 
of perhaps twenty-five charges J not less than twice a month and often as much as 
four or five times a week, would certify at the end of the first year that the 
teacher has the classroom skills necessary to pass certification. (You might 
notice a strong resemblance to another one of Conant’s points here; namely, 
his recommendation for a "clinical-professor..!!). : ..-il- 

ls such a process realistic? I think so. It could reduce the frantic 
scurrying, about I now see to visit practice teacher:?. IJuch of this, I . think, 
is unnecessary because ( practice teachers, are "typically .-.placed with competent 
practitioners. And where, -this is not the case, the college supervisor’s ef fee- . . 

tiveness is. much smaller because he is just not there most jof the time and he.-. .. .. 
frightens his charges when he is. The scurrying about is merely an attempt by 
the college to have. a. sound basis for judgment when it recommends for certif i— , 
cation. ..I really . believe we could save colleges hours and hou$*s of supervision • 
a dull and unsatisfying job as those of you have done it. must surely know - and; 
reduce supervision to the number of visits needed to straighten out administra- 
tive factors such as clarifying roles. 

The savirigs which would come from this reduced commitment by the college 
supervisor could easily be invested in paying the certification off icialan at- ' 1 : 
tractive salary to do his job well. Moreover, I feel he could Kelp retain in 
the .profession quite a few young teachers during those lonely first days and - 
weeksiand, months when their dedication and energy are undermined by uncertainty, 
lack jqf .attention, and inepftude in minor situations. It is at. this point that 
I feel ^professional criteria . for entry differ most from legal criteria, and it 
is toward the rectification of, this problem that I have directed my remarks. 
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Entrance intd the profession of science teaching needs to he vieired from- 
the perspective Of both prbfessidna! and legal "criteria > ThO point oty^e¥^x^ VJT ^ 
pressed here concerning entry to science teaching in' the elementary grid^S ^etts ! 
upon~'th4 ; idea that 'prof esCiOhal and legal criteria are interlocking and hOOOiaaiy" 
aspects of ’making atraiiabl«' ; «9Afchers who are competent in guidi ng ’oMldreh 
effective learning in scieriCeJ- Accreditation, ^approved programa of "^ser^be " * 

and insertictt education; certification with its provisional ^ 
more permanent* aspect tfith ; ' ? empliAsis on inservice leeching ^d J 4eyelopment ;need "• 

to be seen AS ; n eil of a* piece M or should he' made°S0 in (top 

It is to btii* advantage to see what each aspect caui and cannot do, ^d^at'the * 

same time keep a perspective on the whole prooess of validating corni^tehcy ih 
teaching science in. the . elementary * school • ; We have, a tendency to- bear dovna . on 
some_one or another aspect at various tiroes in our efforts. at :reform, without , 
enough .consideration of the total matrix. . , nf x, •>»> yxLx 

Entrance into the ‘profession cah be considered fait accoifipl i Upon the ' isSu.— " 
ance v ^f the provisional certifiaate. On the other hand, entry 6aii be regarded' 1 ' 
as a ;} developmental 1 "procedure frctt 1 preservice 'education through ‘initial certiri- : ; 
catioi to proof 0^ "competency " 'during an initial period of ‘^Il-tii^ 'te'^hing" ’ 
experience" and iriService education. "Such a 'd&velopmehtal considteTation tHU de* 
pend upon substantially more cooperation and involvement among the institutions, 
agencies, and the local school systems concerned than we are now witnessing. 
However, such relatedness would seem no more difficult to achieve than trying to 
improve the situation from time to time by emphasizing first one set of criteria 
and then the other. 



•xuz 



At this point, some general comments concerning science in the elementary 
school seem warranted as a background against which to raise some fundamental 
considerations in seeking to guarantee the entrance of professionally competent 
teachers to this area. First of all, we need to remind ourselves again, that as 
an area of learning and instruction in the elementary school, science is a rela- 
tive newcomer. In comparison with reading, other language arts, mathematics, 
and some of the social studies, it is young indeed. That many of the professional 
pioneers in this field still are very much an active and contributing part of 
the educational sc°ne today attests to the youth of the movement., When viewed 
from the social, cultural and economic realities of the times, the delay of the 
elementary schools response to so dynamic a force as science seems inexplicable. 
Such general apathy can account in part for the limited science requirements 
in the preservice program of the elementary school teacher, little recognition 
of it in elementary certification, and for the apparent lack of interest in 
childhood education on the part of the scholar in science. On the other hand, 
the relative newness of the ferment and emphasis on science in the elementary 
school means more flexibility in the situation. There are not so many hard and 
fast traditions to overcome. The high value that present society places on 
science and mathematics is encouraging a positive interest in science in elemen- 
tary education among laymen, educators, and academic scientists. Considerable 
readiness for improvement is at hand. 
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, Secondly, the critioal significance of effective learning andteaching of c 
science in; rthe, e lement ary grades, has been propelled to the forefront within the. cd 
past- few. .years as a result of bringing the curriculum refom movementrinto the:;o.i 
elementary, schools. The participation of scientists and scholars in: identif ying - 
some of the major integrating ideas and conceptual schemes in the/reontent itself, 
in spelling, out what science is and in describing how a .scientist works has 
focused attention on what is important to learn in science* . The mucb^quoted * 

statement t*-— -Any subject can be taught effectively in some intellectually. i 

honest form to any child at any stage of development the reports of,- research. *. 
on cognitive development and conceptualization, analyses of the will to learn 
and its dependence upon early childhood experiences are all contrib uting t o the 



lifting of aspirations as to the goals to be achieved by children through l^aro— 
•* — xlj - — — - — 1 — tencies needed by the e i e^f^^Wchgol 



ing itt^sbiencp and the professional competencies v ^ ? .. 

teacher in gliding and directing such ; learning. The need to bfing~$he learning' 
and ^aching more in line .with the true spirit of science, the j nebd to ujgfa&e " 
curriculum off eriiigs and to bring about some measure of universality of oppor- 
tunity^W learning in science for all children and teachers is iramefoately 
apparent. . ......... 






- Another factor to be taken into account is that while all teachers, in order 
to be liberally educated, need to know what science .is, how it operates, and>j\ > 
some of the-ma jor integrating ideas of science, most elementary teacherswill’'; 
not specialize exclusively in the teaching of science. Some will develop a con—;, 
tent major in science. Only a few will elect: at the. preservioe level tobe > 
specialist's.: in science.. Other areas of learning and instruction must, be a. part - 
of their professional competency as well. The early years of schooling are ^re- 
garded increasingly as the most favorable for- learning and every discipline is 
knocking oh the dLcfor of the elementary school for more time.. Science cpiirses 
offered at the college level as a part of the general education 3equrance " 

great' rebpcnbibility for exemplifying in both content and method contem|ibi^ry' ; 
knowledge aiid the processes of science. As matters now standij this is not always 
the case. . ‘ 



Now, in light of the foregoing and mindful of the interdependence, of the 
various facets bearing upon entry into the profession of science teaching, let us 
turn to the two areas of criteria - pfdfessfoha 1 ! and legal — for further comment. 
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Professional Criteria u '” . vi 
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-fThe profession is confronted with the necessity of being more contemporary - 
and more explicit in the, delineation . of the specifics of competency needed ,for, 
guiding children in a modem program of. learning in science. This is the heart , ; 
of the matter in establishing criteria for entry into the profession. If we put 
our mirids to it we can come closer to describing' good teaching in science in the 
elementary school than we have ever done before^ ' 

.lie are indebted to the national curriculum projects in elementary school , 
science;: to statements by practicing scientists, to documents . sueb as the 
NASDTBG-AAAS Guidelines for. Science and Mathematics in the Preparation 
of Bbfmentary\School Teachers, to the work of the NSTA C ommission ; on .^the , r 
tioasof Teacher S : of Science for stimulating (higher aspirations : for learning ih; 
saiefice in. the elementary grades. From such: endeavors have .arisen clearer ideas 
of the role of the teacher in helping children lea^rn -how .to learn science through 
using the processes of inquiry, experimentation and discovery. 

Some real problems arise as efforts aye: made to bring these aspirations and 
insights over into the. main stream of general practice and to develop recogni—. : 
zable teacher competencies for selecting and maintaining appropriate teaching 
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Strategxesin science. Structure^ ^nceptual' scheM^, processes, inquiry, dis- 
covery mifterma areeasy to latch; bate and their usage is high inr current eduoa- : 
tional dialogue. Under the guise of these terms some of the same 'Outmoded shbjeht 
matter is being taught in the same' old ways. It is easy to give ’the* old wine neW 
labels- It is much more difficult to he clear about what underlies, these efflexg- 
ing ideas and to specify in behavioral terms what is implied. ?dtal ; programs, of - 
teacher education in science for the elementary grades taking these' Ideas and 
behaviors into account are still to be designed and tried out. ' ' These sire the" - ' ' 
tough problems into which we must sink our teeth. > > ; v .• 



. <: 



K< 



: i,{ i 



Legal Criteria 

-j 1 j • / , • , . » ^ * T> * •• • . • ^ ' * * * . t * * } i v 

The procedures us r ed in certification and some in accreditation, a} ... ^ ti 
use^ilf are weak, roedb. to lean’ upon. In vouching for compe tencies. in "tsa«hih& . ‘ 

science to cliild^n. s . Administrative techniques ’that are simple: to ojbseryp. suad p 
easy to cheok^/a filling, of required slots with names of courses, and!, hburs.'of; 
credit iji jac^ 6 n^ic'.sciande 9 , .in general. professional education , in specialized' 
methods' may indicate benchmarks, but also may be only the husks of the real, ker- 
nels being sought in the competencies needed. He need to be careful with demands 
for years of this’ or that science for elementary school teachers. ’ It seems pos- 
sible ! to make quite a collection of- such requirements and in many ways not be; 
assured of the c ompet encie s needed <fojc guiding children in a modern -up-to-date 
program of learning in^stoience. Titles "Of -bourses tell very little about the 
character of learning Opportunities provided therein. Somehow or other , 5 we need 
to put more' meaning into thb Shorthand of both certification and accreditation; \ 

~&i or-, . . • vfi; •. v •:«. •' • • ■*. : l.*» 

„ ;No. one, wo\$d v de»y. the. need for a "good” background in science, but jus^ . . ., v 
what is needed "to . begin on is not clear. Any numberofthe national curriculi^n , ^ 
projects in elementary sphool science are having considerable success usiriggopi 
elementary school teacher^ t and providing them with intensive, and expert inser- 
y^ce help. Additional . dep^h in science sought by su,ch experienced teachers ... 
would meet the need for continuing learning in the field and have a better chance, 
of being related to their professional responsibilities than if all such was re- 
quired' ^of them before beginning full-time teaching. . ! v 



x 



;i**w ► 






) jr , ; ,.The. inservice aspect , ;/ a,s an integral part of the tcvtpl .program in the educa- 
tion of teachers in developing higher levels of professional competency and as 
a basis for recommendation for licensure or certification is in need of con- 
siderable study. Providing knowledgeable assistance at the local school level ~ 
in fdfining competency in Science teaching and providing opportunities to con- 
tinue learning in science are problems for the total profession, and have a good 
deal to do vjith developmental' steps for entering ^the profession. - ’» 
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.#«.*•. ... . .. ]' . . k 
tM ..' l^any opportunities ar^e before .us as we continue to press forward to esta- 
blish more defensible criteria for developing and vouching for .professional 
competency. AETS in collaboration with NSSA is in a strategic position to make 
a unique contribution to the further clarification of entry to the profession 
through developmental procedures. T .Je heed detailed and Specific reports from - 
states ' 'Aftd/or regions of emerging exemplary total programs. He need to give r; 
leadership in ferreting but &irid: reporting forvrard-looking cooperative arranges i. 
raents and : significant learning and'teaching experiences that seem to hold great 
promise fdr developing, evaluating, and rewarding professional competence . 5 Per- 
haps a comprehensive publication 'is ; needed. 






Certain opportunities afforded through the Elementary and Secondary Educa- 
tion Act of 1965 could be b&pitalized upon at the state level ( or regional 
level within a state) in setting up truly innovative and experimental centers 
for makihg competency in the teaching- of science more available at ; all- levels : " 4 



and in establishing genuinely significant criteria for entry into the profes- 
sion of science teaching. :iSuch cehters : would ;ihvolve university preservice 
and inservice programs , state department' certification officers, state depart- 
ment supervisors of science, local representatives of professional science 
teaching organizations, local school system leaders and coordinators of in- 
service science and supervising" teachers. Building, appropriate backgrounds 
in science at the collegiate level, and developing and coordinating appropriate 
opportunities for classroom observations, participation, interneships, begin- 
ning teaching and the evolution of career teaching could be built together as 
an iff. ;egpa.ted whole- ..... .... 
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Last year Phi Delta Kappa published the book, "The Training and Nurture of 
Educational Researchers" containing the papers and ensuing discussions of the 
sixth annual symposium on educational research. The volume is very interesting 
reading for seeing the various conceptualizations of what educational research is, 
could be, or should be. Perhaps one of the more intriguing comments in the volume 
is the following, extracted from a paper by Carl Bereiter. "The proper question to 
ask in evaluating a field of applied research is, Uhat changes have been brought 
about because of it? Applying this question to educational research of the last 
30 years leads directly to an insight into its basic failing: The only major 

changes brought about have been changes in education research itself - new measur- 
ing devices, new statistical techniques, and a general refinement in research 
methodology. One looks in vain for discoveries that have had any impact on the 
enterprise which educational research was intended to serve." Bereiter adds that 
such in novations as educational television, teaching machines, and new curricula 
did not come about from educational research discoveries. I highly recommend to 
you Bereiter* s provocative analysis of education research contained in his paper, 
and the printed transcript of the spirited discussion following his presentation. 

In the di scussion one of the participants, Harry Levin, speculated as follows: 
"Suppose there had never been an enterprise called educational research. Suppose 
that there wasn't this activity we call educational research, or a lot of people 
who call themselves educational researchers for one reason or another. Would educa- 
tional practice be very much different at this point from what it is now?" 



This morning I should like to consider my task "Design and Operations" within 
the context of taking seriously the comments of Ilr. Bereiter and Hr. Levin. I 
interpret "Design and Operations'* as falling into the domain of "how to do it," 
and will center comments around three subanalyses. First, how research has been 
conducted in the past and to what this appears to have led. Second, some of the 
present and developing means for conducting research. Third, I should like to sug- 
gest an alternative mode of conducting research, one that may be ultra— conservative 
or just plain old-fashioned heresy. 



I 



Joseph Rice is often considered as the individual who started educational 
research, as distinct from psychological research, when he administered a spelling 
test to 30,000 children in 1897. In a series of articles in the Forum , which he 
edited, Rice showed that the results fell far below the claims being made for the 
teaching of spelling. Between the late 19th century and the early 1930 's educa- 
tional research and research methods developed at an astounding rate, evidently 
grounded on two fundamental beliefs. First, it was held that if just about any- 
thing and everything having to do with schools were measured there would develop 
rapidly a science of education with unlimited implication for practice. Secondly, 
it was believed that beneath the apparent complexity of educational phenomena 
there lay a basic simplicity, presently hidden from view. One finds in the litera- 
ture of various fields, in curriculum, supervision, administration, and teaching, 
these two assumptions serving as postulates upon which design and operations of 
research were based. 
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‘ Consider; for thd - moment, how well suited such a statistic as one-to-one ■ : 
correlation fits these ; twb Motions . Let us take; for an example, the relation v 
between teachei?' characterietics and. pupil achievement. " If one holds to the belief 
in simplicity - then there mhst be a simple relat ion between what pupils learn and " * 
characteristics of teachers. The earliest education sttidy I know centered on this 
particular problem was &<bhe : in 1902, where IQ scores of teachers were correlated 
with' a' measure of pupil achievement. The correlation was essentially zero. If 
the - simple relationship is hot between teacher IQ and pupil achievement, then^the^ 
relation must be between some other characteristic of the teacher and pupil achieve- 
ment, r Surely, : . one trial is ; not sufficient to shake the foundations for this asser- 
tion^ '1* In. the thirty-year period between 1900 and 1930 there were, conducted hundreds 
of correlational studies searching for some kind, any kind, of relationship between 
teacher characteristics and. pupil achievement. However, it would be unwise to...-, 
lapse, into cynicism at this point. After all, had not the physical sciences exr* 
perieaced. enormous success by holding the view that behind the buzzing confusion 
of natural occurrences there was an order, a simplicity, a beauty graspable by man, 
andthis beautiful simple order emerged by exercising ingenuity, patience, and. ....... 

skill in measiwing? In truth, rather than cynicism we should express admiration ., 
for this p$piod of. hard work because it was a good first approximation of how . to, , 
go about making sense of educational phenomena. Vlho knows, it might have worked^ 



.. . . put there grew gnawing doubts that it was not working, and furthermore, that 
it might not, ever work out. Under the. leadership of Ralph Tyler end others,., funda*- 
mental' assumptions \were... re-examined in the early 1930' 3 • Rather than simplicity,,., 
it mi^t. dust be that educational phenomena are complex. If there is an order,. 
then the order itself , mi{dit be complex. It is easy to say this in i960,., but, one } , 
has to examine the research literature of the 30' s and.early 40’s. to see how . 

slowly, how very slovrly, researchers began to design and. carry out studies, as r if .. 
they, really believed in the complexity of the phenomena.. It is possible to, point;- 
to thft, Ipight Year ;.S.tudy as a towering example reflecting these new sets. of funda-r 
mental, belief s • Unfortunately, even today this research study is too little known 
and appreciated,, and it is only 30 years later that some of the ideas about evalua- 
tion usefl in the EJight. Year Study are beginning to show up in some current course 
developments in Science and Social Studies. .. . 

IX ' ‘ 



About fifteen years ago, designs and operations for handling complexity slowly 
became 'better known to’ educational researchers. I would guess that by now it is 
generally believed that' matters of concern to educational researchers are indeed ^ 
Viewed as being complex. Perhaps this view is now so widely held that otte might be 
led to comment, ‘'Alright, alright, things are complicated. . .so what?" I would 
insist, however, that this was not the view 40 years ago, and the shift in belief;- 
is of enormous importance for the design and operation of educational researoh, 
indeed one must grasp this change to understand much of what is currently going on, 
andr many of the plans being proposed. Time permits only a few general comments on 
the current’ situation. -- 

' First, new modes of research design and statistical operation are increasingly 
being used in educational research. The sheer technical prerequisites for just 
reading the literature, in say science education, have taken a formidable leap; 
There' are a number of reasons for the rather sudden appearance of new designs and 
statistical operations in research. While the notion of educational phenomena as 
Complex rather than simple has been long "agrowing, " the technical tools for measur- 
ing complex systems and for making sense out of masses of data has been slower to 
; become 'knowii and used. Surely one breakthrough has been that marvelous computa- 
tional serf - 'the computer, but in addition, thanks to some ingenious people, it 



-lA 
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is now possible for awestricken individuals like myself to baby-talk to an ever 
increasing number of. gadgets. Emerging from studies using these newer; modes of 
research are more; powerful, statements about events of educational interest. It. , 
remains to be seen whether, in time there will become available sets. of v relational 
statements enabling us to make sense, to understand, and. explain with greater . 0 «-. 

depth* curriculum, teaching, learning, supervision, teacher education and sa on.y 
Today, one is reminded of the optimistic mood of a half-century ago, but, oui* mood 
should also be cautious for we are ill advised to forget that the optimism of the 
past. was followed by disillusionment. • ;; /. 



. But theire are other developments than design and statistics. Theire is also' ’ 

* evolving, not only a technology for dealing with complexity, but also a "science" " 
for dealing with complex systems. Other people might prefer to say there is a 
developing "pseudo-science, so I shall play it safe and simply say that there is 
a developing •'rationality’* for dealing with complex systems. Increasingly the ’ 
meahs Used to conduct and conceptualize educational research look more and toore 
like the - -means used by the psychologist, the- Sociologist, the economist, the poli- 
ticai’ !J Sciehtist, and even the analytic philosopher; Recently I received a bo'ok ,< f - 
entitled’, J . "Cybernetic Principles of Learning and Educational Resign" which deals 
not, only with the very apparent baidware of the "Buck Rogers School of Thought" '* 
but in addition with the general rationale behind the hardware. ' 



' 'Lest' these matters. appear over mystical let me provide a more specific illus- 
tration." Behind’ the incredibly rapid evolution of programmed instruction from 
modest 'beginnings, to pompous hucksterism, to disillusionment and despair, - the 
fundamental rationality behind programmed instruction still remains. PUrther, ' 
while the. school market for essentially poor programs has rightfully dropped outy 1 ' 
programmed instruction is increasingly being used’ in industry. It remains to be 
seen; Whether the new wave of complex hardware, like computer-linked program systems, 
will become 1 a reality. The mounting pile of books and articles on the computer in’ 
education; turn out to be : prophetic or merely amusing. In terms of research, 
however, we must note that the ideas on which programmed instruction is based are ‘ 
■also very^ powerful ideas’ for research, and may be considered both as a rationale 
arid - a method if br investigation. The methods may be used to alter an organism's • ' 
behavior, but may also be used to study the behavior of the organism. In the dec^ 
ade ahead we may see there instrumentalities flourish as research means. 



1.,1 Bhould- like, to pass on to. a quite different aspect of the current acene 
dealing with .research people, places to work, and money.. I refe;r Tl to "Research., 
and. Development Centers", and. to. "Regional Educational. Laboratoraes." As a mpaps A . 
fpr .conducting research they may in some aspects resemble the "Educat ipnal Rasearoh 
Bureaus" of the past, few. of. v/hich survived. But there, are sufficient differences, 
for, eaample, general "climate" and available resources, to warrant the. •assertion . 
that these are indeed new operational means. I wish here only to point .out. that • 
there, jis the potential for an enormous range in educational research endeavors, i/; 
for .example , the potentials for longitudinal studies, systematic. programs of re- . 
search, replications in different settings, multiple-discipline research, appl. so. on. 



. Other than technical developments and new educational research organizations, 
there is yet a third area which deserves consideration as a .new means of operation*. 
However, here ,1 am at a total loss to even speculate what might .happen. As I am 
sure you are aware, such large industrial organizations as General Motors, Xerox, 
Raytheon, IBM, and others, have been purchasing publishing houses, equipment supply 
houses, private educational research organizations, audio-visual, maimfacturers , and 
a host of other small outfits. I leave it to you to wonder xfhat may v be s opne in 
educational research by these large industrial organizations with enormous resources 
of talented people, a history of valuing Research and Development, and an unimagin- 
able production capacity. 



o 
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These three on-the-scene matters, new technical means for handling complex 
systems, new educational research organizations, and the entering of corporate 
organizations into the educational domain are my personal candidates for what may 
have great impact on design and operations of future research. Perhaps you have 
a different set of candidates. 



Ill 



There is yet another factor 1 wish to mention, but it is a bit heretical, 

i * i — jli — TV«am A 

ana nmy cross mi/u tut? uxovuooga uj i/*. o • «. »**.+.**& <**»%*. 

again to the beginning of the century we can see that there was an intricate re- 
lation between the research questions asked, the technical means then available 
for designing studies to grapple with research questions, and the concepts (the 
ideas, the current state of knrwledge) applicable to educational concerns. Today 
research questions deal with Tore variables, techniques of design and analysis are 
increasingly able to cope with multiple variables, and a staggering number of con- 
cepts, relations, and theories can be borrows! or modified from other research 
areas particularly the behavioral sciences. I have already expressed the belief 
that these are signs for renewed optimism. Nevertheless, I cannot help but feel, 
and it is a feeling , that what slips through all our research network is the ulti- 
mate concern of all of Ui - the student, at whatever level. At the moment I can 
only comment briefly on two matters. 



Despite all our complex research machinery vie know precious little about what 
happens to Billy or Janet in school, whether in pre-school or in graduate school. 
Equally disturbing, particularly to those working in curriculum, supervision, and 
teacher training, wa know very little about what happens, even descriptively, in 
the classrooms, any level classroom. This is quite strange. It is as if there 
existed a gigantic medical research complex, and rarely did anyone look at the 
patient, and then only to see if he lived or died. Somehow we must find ways of 
returning to the phenomena - the students. I do not mean that we should look at 
students with (. misty sentimental glaze. But I do mean that we have such a wide 
variety of sets of glasses for observing, that we may have a limited and quite dis- 
torted view of what happens to students in school. Vie view them with the foggy 
glasses of one psychological theory, the finely etched glasses of a test, question- 
naire, or ncale, or as teachers (at any level) we can put on our super-glasses 
covered with painted letter "K's", each letter standing for "Knowledge." These are 
all helpful I have no doubt, but vihat would we see if we used the naked eyeball, 
even myopic eyeballs? Again I border on mysticism. Stated less mysteriously , our 
research networks may be so highly developed that the questions we pose, the ways 
we examine, the ideas vie use, may form a closed system of attack on educational 
problems. There is, however , remote, the possibility that a naive but rational 
locking at and listening to students may be yet another way of having an impact on 
research designs and operations. 



Trying to look at what happens in classrooms, particularly what happens to 
students (all the students, not just the enthusiastic five of thirty) and subse- 
quently attempting to make sense out of observations is a very difficult task. 
Promising beginnings have taken place in the work of Flanders, Amidon, Smith, 
Hughes, Medley and Mitzel, Hithall, and many others, but these are nets with a 
very large mesh and catch only the large global phenomena. Still this is a begin- 
ning. Vihat is needed in re-examining students and classrooms are means that will 
capture those matters that escape our notice. This could lead to a better under- 
standing of the fine structure of students and classrooms with subsequent implica- 
tions for curriculum, teaching, supervision, teacher training, — in brief, in 
understanding our work world. 
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_ I would, like to. divide roy talk into four parts: First/ I will v 

discus^the. history of the audio- tutorial system; second, I will 
show you s film of scenes from our learning center; third/ T’will 

s •* v ' - % *>.’* '• ' . j ki. rf£ :vf s ,ih 

discuss the audio-tutorial system as we currently operate and some ' 

•'•••-'’V -• - : •■ ■ .: ’[::$■ a? ■ > or c'£p.fc» j a l o 

of thd results? . and fourth, I wish to summarize with some of the edUr 

catipnal concepts which have emerged as a result of our experience* 

1 « - The audio-tutorial system began approximately ; fiye . ype£a 



- ./« 



ago oo L fe’ attempt to make some adjustment for the Jdiversij^y^gf M : 
backgrounds students in; a freshman Jbptany coufse^j^The cpurse . !/5 
involved'^ *S80' students and was a four hgur, Of edit course. s It. v (i :v 
mainly *d$ihf4d freshman students in the Schools o| . Pharmacy and ; . 
Agricuitufei These students have. attended a great variety of f 

kinds Of J high schools so; that some had -received very excellent . ...... 

training* end; others relatively poor training* Students yith ectyal. 
capacities could not perform equally well because of this /: ,di^| r erence. . 
in background. To assist the students with poor background, it was 
d^tid^d'to make a special lecture on tape each week and file this 
tape tfith‘ the language tapes in the Audip .Visual Library. Students 
who lifted could go to this facility an^hesu: the supplementary : ^ ^ 
lectuffeb and 5 thus enable: them to ccmpete .more effectively . During 
the course of preparation of these lectures, it occurred to me^ . , 
that ““Sie 'student' might well bring their . text^ book along and gj^n . 7 . #t , 
if^b'-^&id appropriate pages so that the subject matter, in the ^ ^ . . 
textJ^ufTd be related to the subject matter. covered-hy.^the tape 
lecture. Later it seemed logical to add the us t e.Qf thpir laboratory 
manual in the' same pattern so that th^^s^bject matter .in^the lab ora— 
toify nianual ■' could be related to the subject matter in the teact and 
to thS subject matter on tape. ,• Still, later, it. seemed feasible to 
proviSe G, ihe student with plants and experimental mater ipls so that 
thins could r he related to the laboratory manual, Jb^t^hopk^and, 
tape lectfeirei J - ultimately the discussion on the tape was no longer 
a lecture but rather was a discussion on a one-to-one basis# one 
teacher-one student, in which I was tutoring the student through a 
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sequence of learning events . * A * The tape Ws prepared by arranging the 
various items which 1 felt would contribute \po the student's learn- 



ing on a table before roe and talking into the tape player as if I 

‘ ' ,«.w X . :: i;. i f - • • * * - 



'“Zliv/'l . 4 i'ruti i~ : s- ;,:"r.T t~i .• ■ . ■ *: •> 4*' dst" 1 

doing an experiment, collecting data, analyzing data, manipulation 

riw ao *c :«•. •••• ?*■ • — • ■■ * ■*,•; v- - • 

of a microscope, watching a time lapse movie, observing plant • 
specimens, charts, diagrams, photographs, and listening to briar 
lect ur es or discussions as appropriate* The success of the 'firtitiai 



X 



tapes ^^cbufa'g^-me’^b l run an experiment of 36 students forgone . 
semester *foich ; ^ confirmed the potential of the » audip^tutor ial 



sysfcem? &,I £t “tfiS^end^of *• the second semester of e^eriroenta^on^I »«t 



with these students to restructure the botany .course, disr 
all traditional' limitation and placing total emphasis on student 
learning* 'All "busy work would be eliminated : and an atteraptoWpulfi : 
be made ift' idapC the method' of presentation to the nature of the 
objective/’ The first restructured course included the following ,/ 

Etudy c 'fea0iOns- ! ' ; --- ; j 

5 One hour per week—General Ass-^bly Session (gas)? i hour .per’ 
w€ ek--kibail Asseiiibly Session (SAS); and ? hours per weekr-Independent 
Study'^Wsh'ion. The Independent Study Session was the modification 
of the original audio taped tutorial * The ingredients of ,• the . course 
pe^aps will* be best communicated to you through the use of a movie 
film showing sbenes from our classroom. This film follows, the . 
activities of a’ Student through one week's .work* I would empha® i ^e 
at this point that several change s have been made since the film was 
produced. These changes were based on our experience and constant , 

‘^eadtidg assistants and students? however, .the 
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basic ‘ outlihe ‘ provides a gdod background:. for the remainder of my 



diacuss drie'^oint in the film where the student is askf4 p <) , 



use an '"8 'ftrt' I? -iSTicotor projector; 1 there will be. spliced in some 



work '^fints of ’-ffie iSiAds r! of : lealrtiihg events we would aspect, to he 



Va 



presented throdgh single loop f ilm medium*,- I- will*' show you tbO^- * 



film iioW 1 and discuss some changes we have made immediately . after the 



viewing* liet us now go to the film* 
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*'*"'*' SHOW FILM -- *A Multifaceted Approach to Teaching* Botany* 

i '-jj. io.i -v.:; t r. . ?«r: MiMf-a ^rfr 

I ■ ani stopping the film before it discusses the Small 

!• • v r tv .• ■ ; Z\.t u;‘- '. ; V \ • * y ~ t*jj 

Assembly Session because we have made several changes in this session, 

: v^ " ,rx ; - •• •• "■'i ■' * Jtf&tfyO'iC japtflO to- 

and & don' t. want to take up time with the outdated 1 information* Two 

Sassipnswe, have already discussed — the Independent Study Session 

’ '/v: *'.)f o:, t <’ t 

which , remains the aame except for some minor changes such as the 

^ Owi t * *J'* « *• A# *.y**i‘ • « ■*, . _ ;. ^ * .*- * # ^ ** A* ^ * % 

increased use of feurnm film and improved arrangements*^ furniture 

. ‘ - *7*' . • •; *'••- V • •• V- '.toltfu. etfoepRC,.' 

in the .learning center and the General Assembly Session which was 

i •* Vv v" . " .«. j.' r - . . t. j* 

discussed oh film remains essentially the same 

An Integrated Quiz Session (IQS) has been shfastlfufied for She 
Small Assembly Session. The IQS is a modified' seminar sand oral 

^ v * x , *3^ v j ^ | j . j - 1 

quiz* It involves eight students seated^ informally afoundwa.i tables 
with one' instructor . The instructor is supplied with the Various t 
items \&idh 'were "’included ' 'in ‘the’ learning center the -.precedingr^iyrr i 
week, and these Items are used as a basis for student discussion. 

All students are asked to discuss items in their turnAndt are:; asked 

■m : * 



. :C > C 4 . 'i\r* •> 



to do so in a specified' pattern or format. First, the item tstftke 
identified!' secondly, the student is to tell its role In thes.Keek?s 






work or objectives; and thirdly, the student is to explain: howf. r it 
fulfills this role. These items include a great variety of anataarials 
suc^i as plant specimens, a microscope, 2 X 2 slides, 'diagram ior 



7 1 ,4 t ; ■ ^ ^ 

chart, a time lapse movie, all or parts of experimental equipment, 
or any other materials which have been used' As a subject of study 
during the proceeding week • The student's performance is evaluated 
immediately ~on “the has is of 0-10 points a If the instructor is much 
impressed / the Studeht is placed in the category of excellent and 



receives a score of 9. If ' the instructor is not impressed, the 
student is placed in the category of mediocre and receives a score 
of 7. If the instructor is depressed, the student is placed in the 
category of poor axid receives a score of 5 or less* Six is. a pass- 
ing score, and all scores are subject to change as the discussion 
continues. Each student has an opportunity to add comments con- 
cernlxig any item which lie thinks may enlighten the group# The in- 
structor will then raise his score as seems to be appropriate. The 
items are distributed to the students in a sequenced fashion so that 
the theme or themes of the week are clarified and irtiere experiments 
lead progressively from experiment M A" to experiment U B M to experiment 
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"CV etc. , thl# progres^^o relationship is retained^. during the session, 
this session has been an effective feedback mechanism for informing 

. us of the success or failure of any program sequetibe' of experiments 

nc.c v.cir* iua^:;:T:\. -a..; >. t ,< ... Sl * . .. , r . , 

and often provides clues for improving our approach. It also hel^sr* 

V-.l ■ l £C ; :-n.K >: 7 • *L* • ■. . . • - vrfj- v . ... .1 , % . . .. 

to clarify the appropriateness of the communication vfehide used i i7 
in attempting to Sciiieve the objective. 5 ^ turns into a 1 mihlSb^lzed 

am MSMtt 4 »W ^aiaa ' . 



. OfiJ- « 5 r. 



«fc 

OWUaiCU^ CUIVf VAAU9 IUU4AJ O WUH*V**%iW w OW *> 

»*• n «. * 



^ r .. 



» ^y;. ? . .* <h j , y * ^\ *.: /* n .. . * ^ 

concepts which were n6t evident fxfom the Ittdependent StUdy'Sessi^ v 

r Y.*IBSv£ .. 

earlier. The IQS is also an effective tool for preveStiiifg jir6^ : ni 

Sly.tC- >?i,o 
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crastination on the part of the students? w ' { ‘“ 
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-Two questions, most , commonly asked concerning the system are 

. • " ' *' *' * ■ ** ■ *•" > ^ ■ ? "J *r 'l\\ 
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as : follows: 1. Have : we not now feliminatedthe personal contact 

important for motivation?, 2* f l3,t3}is „not.now a •*spcx)n-fed‘ 4 type 
operation, in whigh th$re 5 s hot. Opportunity for , student discovery 

* • * * *•• • • v, «, ! #. . * * ’ I* 1 % ./v* 

or inquiry? : to, D aps#ea^ tb the first question concerning personal* 
contact* il l that we fin£ personal contact is actuallyerihanced? We 
^how have releaated much of the routine of teaching to a routine 

^ ' — • «. * j .. »%*»•.* • . . 1 r * v . v ”, * • » 

vfehicle end teacher's, tijn^ now c^n be devoted to meaningful P er “ 

Sonal cohtact. The .opportunities f° r personal contact are as 

. * '*• * ** » . 1 j . . *„/ 

i follows: ; i . . , , . 

1. As in the conventional lecture system, the senior instructor 

is available at the General Assembly Session for this kind 

r* of personal contact ruch as it is,. 

“ • *• - j i:K vn* :to 

2. * In the . Independent Study Session an instructor is avail- 

■* , • • , / , »*• T ” ' i j* •* * r* 

able to give direct attention to individual needs on a 

" '••••••- a 1 no ; 1 : „ \r : j. 

-.f.onerto-one basis for any problem requiring instructor 

•••> •VK&jny.Ji'Li 

raasiatanc^p Also in this, session students may visit with 
^instructors about any additional aspects. of the subject 

^matter which, they £ir4 Interesting. ’ ^ ./ 

^ - ,x ** 

3. ' "The -IQS; provides an opportunity for , every student to be- 

" * +7 -'“ • -i ';-cq ..... 

come/ well known 5 by at least one instructor in the course, 
and : every.', student to^know at least one , instructor very 
wellv. Additional, opportunity.- is available for every stu- 
dent . to know - ma^ny e rins^tructp^ s well but there is no 
• ; alternative, bu to, become yrell acquainted with at least 

***** ^ # • •••**• *»..•*. . J 1 * t m • ' i.^r , , . , 

* • one.inc true tor-.- 1 
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-.. ,, .^e,Mcond^ffUon concerning , w 

.the .««•-?. W! Sf<t$“S§lS^ 

occurs at various, lev&lS with. th$ roax^mum^or first level of inqwiry ; 

, represented by reseki&h. The second level ofihguiry isthe £V$ e _ , 

hnur iahoratorv. The third, level of inquiry is. one in >rtjich the 
bUBVwbrk ofc doing. .the.expetlnientation is. completed by the instructor 
and the student ?! 3 ked to collect data from ttie *e?dltiiii TOd anaiyae 
these data. ~,The c fourth level j of inquiry is to provide the stuaent 

with .data . au$~ask ttye Student tq ?n*ly ze t ^ e8 f 1 5? a f 0 ?if yifv&L °- t 
course [ : .wQuld>fnpt c be. considered r^al inquiry but f: > 

stration. r Ap-of,$hese levels of. inquiry arji feasible ^estfa 
audio-tutorial system. At the first level o^^^ixyi 
are r asked to do.-.two miniature research, projects, the *iist of yiktdi' 

*»•*• »*•”.* • *•> ■* J .a . ^ »** ' „ 1 V - • a. • „*/ *„*, /i ^ 

. we provide guidance throughout the project and th^ second is left 
totally to the .initiative qf the student. . In. the first project 

the problem is defined, 1^— ^ *4 /* *..*• 

the student is told r what data to collect apd asked to analyze 
these, data and yri£e ^ the project in the fo^at of fa scientific 
paper r = She second project is completed by those students^ y*o hope 
to. make "A “.in the course and jiere the } student is restricted 

only by the jnater ial s.^ayailabl e tq him.^ ^He defines the problem, 
decides qn the experimental procedure^ y^hat d^t^ to collect, 
analyzes v thg&e , data » . x and writes up hi^ project in tie form of a 

scientific tpape^. ,. ; v. • , 

At^the ^ecqn.d^level of inquiry, a^groblem . is defined^for an 

experiment rqquiriJig. two to four hours and is done in f h® ISS as 
well under the audio- tutorial system as under the conventional 
system. . The su^r^quent levels .of inquiry .are also handled effect- 
ively;?.in-thO. ISS. The results 8 y»^ ;; ha^toeen positive 

from .eyery ; point of view. . Better ? distinction can ^ejiven with 
equal o^*: less staff and, space. Grades ^nd student interest have 
improved^ at ap .levels. h Costs are reduced for equivali^t^ levels 

of instruction* p 

' v 4. Now may' I’ take 1 a few. moments to discuss the, philosophy of 
the audio-thtor ial system* asri see it -in... retrospect after five years 
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of experience • It is sometimes said that "teaching is an art". This 

a "science". The 3 Scienti- 



may be true however , "education" should 
fic method deman&i that one begin by defining the problem iitfifc* The 
"problem" in education, simply stated, is "learning must be dbne by 
the learner “t' while this is not a very profound ohiervatihhv it ‘stands 

»:■ i'Tn ■» TC 



to reason that if “learning is done by the learner " r theeducational 

«r44> 4Ae romi 4 ro flfuflpnf. . • 

S^BVVW BltWUM jf.WTdiWW WWW******. “* *’ -1——— — — — — — — 

Both teacher and student alike should be concerned with the kindsof: 
activities and situations which contribute to learning. If these ' u 
activities and situations can be identified, the teacher ib obligated 

*£ j 't >(’ .» '•} ’*> } ; • * r . t * • * J . 

to provide a course structure which will permit the studeht t'd 5 engage 
in these activities and the student is obligated to perforin them - ° 
conscientiously* i would like to list some of these activities aftd^ 

situations as I see them. * 

_ 1 . Repetition. — There is little question but that the nature 

of many objectives require repetition for ‘their’ achievement. 
However repetition ought to be engaged in an intelligent - 
fashion and adapted to the individual needis of' a particular 
student. For example, a student who has learned about 

* jj j* * • f* f •*% m . ; ...... 

the Krebs cycle in high school biology has little heed for 

• *.*<• •» .* , > •> ** 1 • . 

extensive repetition of this study in a college biology 
course. On the other hand, a student who is encountering 1 
the Krebs cycle in his college biology course for the first 
time may find it necessary to repeat this study of certain 
portions of it, a great many times . In a course with 500 
students the teacher cannot possibly make the adjustments- 
in repetition for individual student needs. Only the 
student can determine intelligently how much repetition 

• - ' . ■ ' 5 .. r S . • ••• • i 

is necessary. 

■ • V • • ’ . i . * . 

Concentration.-- »Most classrooms are not organized to permit 
students to concentrate during their study'. Students are* 
distracting to one another and other disassociated events 
which may be occurring tend tb divert the’ student’s ; ^ 
attention from the subject at hand. The aud io -tutor ial'* 
system permits the student to Isolate himself from • thfe' 1 
suf founding* environment through- the • covering of. hi 3 . e ars 
with the earphones and the use of booths, to reduce, hie 
awareness of his surroundings. 
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Aasociatipn.-- In a study of plant science the apaj^r <^j active 
r <, is to learn about plants*' it snakes sense therefore# that a 
study,. of plants, should be . conducted where plants are avail- 
able: for observation. Diagrams, charts# models, photographs# 
and other such devices should be a “means to. the end* that 
students' attention is directed to the literal plant itself* 
The audio-tutorial system provides an opportunity for the 
student to have a plant, available at the time he reads 

O? ‘ U‘* * : * - • 

about it# does experiments, etc. 

4* Appropriate sized units of subject matter*— People vary 
considerably in the amount of subject matter than can be 
grasped in a given amount of time. Programmers have 
. demonstrated that most people can learn almost anything if 
. it is broken into small enough \mi$p and the, student can 
m itake time to become informed about each unit before, proceed- 
ing to the next* Any program of study therefore should pro- 
vide e**h student an opportunity to adjust the size of the 
unit to his own ability to assimilate the information so 
that those who can absorb large quantities of : inf brmation 
. may do, so in an unrestricted . fashion whereas others who 
,muat proceed more slowly, the course structure should 
permit them this .opportunity to do so. The audio^utorial 
- system allows the student to proceed, at his own pace and 
••.to break the subject matter into units commensurate with 
v his ability. This is especially lir^rtant where the learning 

***>*•• ^ ‘i * *\ ^ 

. svehts are sequenced with subsequent events dependent on a 

* . *v ** ** * <*.• • • v 

mastery of proceeding ones* The human. mind with its limited 
. attention span frequently. is distracted during the presents- 
...... tion. Xf this distraction coincides with a point which is 

particularly critical to subsequent units of information# 
when the subsequent units are presented the.; student's de- 

- • •• ' -V :. X- ; • *. • « ' *■ . V-. 

ficiency may, frustrate the learning experience fPresenta- 
tion^ of, material over a long span of time may result in 
progressively, increased frustration such that the Student 

assumes the attitude that the subject matter, is tpo difficult 

. • •• " * * ,*. ‘ _ • .*.• 

... . for him. In order to maintain status with hjs peers# he may 

develop an. attitude of “I don't want to learn this .material" 
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' J singly as a deffehise 1 ’ tnecliahisrai ; * Expediences suchP fcS"' this 



r .J 



throughout sfevetal^^ars- of exposure fcb^^rmai eduction 
**’*’■ ‘ vr ' may ciusief • niany'''edfeat^b'i^ ' people to develop irferttaiiblocks 
■.'La, a^b diffibutt to O^bftcorae.*' The same information pre- 

sented to thV'Sime' student- ( in a setting y^ere the student 
‘ ' x isa n ittike each f&bhdfct ion : idea firmbeforrf prirceeding to 
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^succesi* ahd successful experiences^ will tehd^hb^bcouiage 
the student to greater achievenfehtv' The' edufcatbfc" f tbuid 



xi * ' 



^ well afford to learn from a successful cdnetruction 
, >; a^. r ^v f'engiheeifHy^ib pours & concrete foundatiCn Carefuliy shaped 
^ jaiid pbsitiohedto support the^iuturb etructure and then 

W . rS* * • * . a _ * _ * ' 



peniits this foundation Adequate time t6 become fixed or 
firmed before placing ; oft iter the subsequent materials . 

: Bricks and^tioftar afe ! l4Xd : ¥lf^rfateiy With eacb^bfick 
,;c and ^ksUrep-ef' mortar t&t^fuilLy 1 ^lUbed tb provide? a bed £d* 
the ^osiiWoil^^ belaid* 5 ' bttly ih 

; '^uCatiori do we pour subject matter 

along with the^cb|Renbi^^t^e^ a; -f ixedi rafe,- 1 mixing 



togetber the bricks^an^ .im^Eftars without regard r to : the many 
other factors which may s£fec& the r esuitah^brgahikation . 

5 . Adapf '&e nature of the CbnmU^icatibtv;J;eh^^ tti jthe nature 

am :^£* the' btfj active* —Botany is a “com^le^'?' ‘bf.;UBuhJ^f J% <&tter 
' : a . . 'inquires a* great variety * of learning *'expef idnbiier* "**" These 

. »-«• -*i iJcsy J £nclude the handling o'fTa’ plant * Specimen/ ‘ Watc9iing time 
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Jr lap : S’e filin, viewing photograiphis; : reading from tektbboks, 



* : “ r,i;l " 1 1 Scientific American articles , listening to ’ a diSciftlUion by 
Uv " the senior instructor; visiting with colleagues, J btc . It 



.^r. liW 5 



Is logical then that no single’ vehicle such as lecturing 
’* U ‘8i a text book can 'achieve the full 'spectrum of objectives 



~ 0 D 



B i&c this complex subject. The student * s ' ; experi^fitfes should 
‘ be confined to : { any particular Vehicle ^uc^ ^ *8 mm film. 






jf ~ ^udio tape, text bodk; or any other of thte' 7 greU€- Variety of 
Communication device^ which are how available 3 tc? C5 u». In 
daisies wheid’the'^ ^deveiopktient of a pibcedurdl skill ^is necessary 
* bra '‘"®eire is no substitute for the student doing thid procedure 
j r, ‘ " ^ * hfinSelf . A properly "structured course, therefdfe'r ^ Would 
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carefully define objectives and not try to mold objectives 

i- ■ 

to fit a favorite medium (lecture, for example) but instead 
would use the mediumbest adapted to thenature of the ob- 
jective. The audio- tutorial system/ permits this kind of 
student participation and enables one to bring to bear the 

. . i 

correct medium commensurate with the objective. 
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responsiveness to different kinds of communication devices. 
8ome people learn well through reading, some can learn best 
by auditory communication, and others can learn best by 
literally handling specimens and doing of experimentation. 
While some of my colleagues think that Intellectual' a 
inent is accomplished only through reading, it is my opinion 
that many poor readers are! as intelligent as-good readers 

’ * 1 v*« 

and may literally become more knowledgeable than good 
readers if they are permitted exposure tosubject matter 
through a communication vehicle more suited to their re- 
ceptivenes^. The audio-tutorial system thius provides an 
opportunity for subject matter to be cdverediri a great 
Variety of ways with the student -exploiting -that medium 
which communicates most directly and effectively for him. 
Finally and most important of the learning activities and 
situations.— The significance of integrating learning events 
was brought abruptly to our attention by an accidental 
positioning of tfwo experimerits. Subject matter from experi- 
ment “A "was necessary for understanding the -subject matter 
of experiment F6r a -number of semesters- the students 

had had' little or rid ‘difficulty of transferring information 
from experiment “A" to experiment "B 1 '. One semester, however 
X noticed that more students were having difficulty with 
this transfer of information. In tracing the possible causes 
for "the difficulty, it was discovered : that during the preced- 
ing semesters experiment “A” and experiment M B“ had been 
sittlrig in close proximity. Some hevr 'raaterials inserted in 
the course had forced the placing of experiment *B* on the 
opposite side of a demonstration table from experiment “A". 
Although this distance was a little more than three feet, the 
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® ? v - c " : diflasectedati^ resulted' r £n fed# etuientsYbeing able 

n^rjcrfj^\-^ from %j^tiinent M A H to experiment 

'■‘ ao ;-^V? W. "stanS* to feasori i£ this, diSassopiation 

° °ie extended! in spafee by an ev^V r grea ter distance *st ill 

jtewer students will be able to make the transfer of Jinfofcma- 
tion. 'One can extrapolate f urther and assume that if the 

t -• « ^ 

disassbciafclori is not only in space but in time as Heli^’ 

V ;f ~ l /•' itili 3L£ss ; students will be able to . transfer the information • 
:/*r - lihiie the proximity of positions of materials is "hot a very 
{C ih€&leetual'bhallenge : to a teacher, this eii^e^enc^ has 
^‘^S^iiiSUd- to emphasize to us 1 that many of the &$xj&g8£&£ problems 
* v ■ !^r D ~ar ’<&' hot . caused by. the difficulty of sub j ect' T ^tt^f* ft ^but rather 
^y'--^h4se‘“reiatively simple factors- 1 ; It s taxid^ ^^ason that 

; *if learning events are to be complementary aWd 0I tcf^ftive some 
feiationshi#, they should be brought into :r dlos£ ^rd^imity 
and propeily sequenced. The conventional jtrud€t te i&jtg of a 
■* lecture, recitation and laboratory ddhs hot tafe^tSSis into 
c^siderai^on'h^ rath.er;mhy expps© ^at^deh^fi^lfi^day to 
a lecture concerning a, -given subject, -perhaps on Wednesday 
;,* /i y. : Tthe student does experiments related to that subiedt, on 

Friday a recitation will involve the Student' in exposure 

to the subject and then on Sunday nights latte # r | the - Utuddint 
mayread on this subject from his text! I 1 ‘ * The ; audio- tutor ial 
System L permits the student to bring ail- of t^iese learning 
experiences into an integrated sequence std* that each learn- 
■ ing event may enhance or complement the adjacent -oft'es and 
thus re8Uit in a synergistic effect. One rliight : ^ompare this 
'analogously to an orchestra. Many musical -insfruii^ents making 
sounds in a random fashipn/ : result, in noise or cacophony; 
howevef , these same sounds ,■ ~if ! giVeh timing and placed in an 
V appropriate sequence or relationship one :, to another form a 
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; bs:,v : joeioty. i am suggest there is a ielody : of learning 

* ;v: and that teachiri^isi ^indeed, ' ah art . It iS the art of 
gequencihg ltarhihg^^ents -iihtb a meaningful expert ence 

..**• ' v ''for ’’ sfiidfents 9r -' . r ! 
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, Bduc$t&o& £s;;a science so that one jnust df $ toftcffi? 

and then go about .logically developing a procedure wb}^u^.rtait» 
student engage in those activities which result ••: 

nay regjUrea tg£^- c ^e, structuring o£ courses and reorg^i»t,^O^...di x , , 

approaches*- Teaching, is ^an art but the artistry C<^e K ^ a ^ough ( 

. — ji — ~ j — — jawt na Vvvi+* yattiftf In his 

th%;uae .q£ the teacher as a 

skill in rdstermining objectives and developing the t >. 

sequences >giich .will enjt^a the students , to achieve tbesg ^^e^iyee^ 
in the most efficient . ^..effective, !^nner. imy°*vM «** fcftiraq 
approach t* education. .*. little. diff&^t., .Tea^eijs , and.edu wto?s g ..^ 
ar*-the most traditiohrbouna -group of it^vl^ug^f I know. ,,,^i* , 3 , 
happenedin a logical evolutionary sequence, the explanation of . v?: 
is relatively simple. . In the days of Arjstotle, the 99|»ff 3 
of ittforgatiopewas the scholar and- he was the communicatign. vehicle. „ 

it trt*. logicxleSfeRt contgpt 

thrwghaleoturing. y ...It.jig abasing . that tony ud stij-l teaph , ig w th|s 
fashl oa feeling thht our contribution is to expose to the. v> o 

our Ju >6wl»dg e gf,tdie. 

cotne teacher s ,dpiSp : nier ply because the lecture , is. ^ gn. ... ; 

device. ■.;. rKe find; At a *n , exhilarating, experience tp. t st^nd^b ^efore ,500 , 
people apda to mystify ; the*« w ith our SXeatj^kppjfl^ge pfaf c 

Ject.4,;. In;this age 

ive than, the hWMHbejygsh.^nd.r. ego-infl^tioe 
worthy ob jectiyeA-.for^Ah^fdSS^tipnal . systegjj.. 

v > fl B j r purpose of education a long time ago. When the situation was 

rs.i wKfc.'- 

on' the individual needs' of that Articular s^t. but ^en^s; • ^ 
t^r had two students, the fotus was 

the‘ ii.mer S «d the^'^dents must then ***** «t the f l»veg«K:. 
of the teacher 1 When «ie situation elided 46 -^1* *^;** 
dents that two teachers were necessary, one teacher then becaioe sen or 
rad ; a Hew grbup of individuals with individual problems was evolved, 
the; administration, it is logical that for administration. one would 
select the Most aggressive arid most -Skillful individual at problem , 
solving. It is logical also that such; a*i individual would solve the 
problems ^ich Were close at hand.' During the years divergent . : • 
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evolution has occurred £o produce a community of individuals who are 



concerned with problems of constructing, buildings# obtaining ? i 



etc!" and learning problems are given lower priority* ' - “ . . iXtf 

With our administrators . preoccuppied with these problems# only lip ; 
service is given to such mundane things as the proximity of experi- 
ment “A* and experiment Such small insignificant items are 

cast aside in favor of the more challenging and interesting activit- 
ies associated with the vast numbers of students and big time r 
education. I Would like to cite just one example insupport of my 
position. A certain university begins its semester with the first . 
classes meeting at 11s 30 AM on Wednesday. I challenge educators r 
at that institution and at any other institution to show me a course 
for \d*ichgood pedagogy dictates 11:30 oh Wednesday as the appro- : 
priate time to begin the semester . I know of many courses #■ multiple 
section bourses , for Which this timing clearly.., is a disadvantage. 
Multiple! sectioned courses which meet on Monday# Wednesday and Fri- 
day will^ have some sections which will have been exposecl tin Wednes- 
day afternoon# Friday afternoon and otlher sections which "Will x£ayte',V 

. A ^ * • . , • - \ r v J 

been exposed only on Friday so that the subsequent week 1 s work will - 
be totally out of synchrony. As a result, both instructors and ■> 
students recognize the , iptpos s ib il ity and impracticably of this 
situation so that student? do not show up on Wednesday afternoon 
and if : they did they would find a sign on the door saying "No class 
today"-* For ; ali practical purposes# it is- impossible to start * ‘ 
course work until Monday morning of the subsequent Week. 



% * • ^ 

Now 1 ask you if • good pedagogy does not dictate that classes 

begin at 11:30 on Wednesday what criteron then is used to establish 
the starting time? The ahswer is simply that this is an administra- 
tive convenience and that administrative convenience is taking pre**. 
cedence over souhd pedagogical procedure. This is merely ->^e example 

aind if time ,: permitted I could cite you many more. . - 

« '» •' > *'* • * . 4 *. 

. • ... • . • • b « - 

. • > One more thought. It was suggested to me that il one. wishes to 
attract outstanding faculty to a University today# it is necessary 
to provide ideal teaching conditions. I should like to analyze ... 
this statement for you. What is meant by outstanding faculty? ( 
Outstanding faculty on most campuses are Nobel prize winners .or 
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those which have demonstrated competence in research activities* ~ N 
Secondly# what is meant toy ideal teaching conditions? The answer 
is, few hours in the classroom and highly selected students who will 
learn in spite of the instructor* It is a truth that we have cosae 

to the point where instructors consider it a promotion when they are 

„ * r 

given the best Students in the university or high school* I am sug- 
naaf 4 nn f a trAn +*Vi«+- i b not a nrofesa tonal attitude* Whet would 

***** J ***** ~ — Jb “ 

you think Of a doctor who wished to take only those cases which 
could toe cvired toy merely dispensing aspirin * Host of us would say 
that this is nori*prof eesional , and we would not want a doctor of 
this kind. We want a doctor who would like to concern hiroSelf with 
the hard-to-get-toell cases and those cases which are challenging. 

If this toe true# and teaching is a ptofesSipfr# a professional 

j* I 

attitude would demand that we too would find the hard- to-ge t-wel 1 
cases. meat challenging. Humbling as it m&y be# self-examination 
may be in order for us to determine whether we really and hruly 
fulfillment rcjle Process* Are we succumbing to 

the egp-infldting exercises which display our great knowledge of , « 
the svtoject matter, or ar £ we willing to accept that it is our 
responsibility to provide the facilities# provide the guidance and 
direction#,, and provide motivation to help students learn* Let us 
be holiest with ourselves * and true to our commitment. 



T 



Thank you very much. 
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REPORTS OF CONCURRENT SESSIONS . 



t.y. 



Session A: ’ PREPARING TEACHERS' FOR THE JUNIOR HIGH SCHOOL 






Chairman: Alfred D. Beck, Teacher of Science, The Dalton School, 



£. m < . va^i, n; 4.-*. 

nor jlwx^ vro. 



Panel: Isidore Bogeri, Examiner, Board of Education, New York City 

Prances L* Behinke, Instructor in Science Education, Teachers 
'" College, Columbia University in the City of New York. 

- John R. Logsdon, Science Teacher, Horace Harm School, Hew , . j 

Jork. .City 

. Louis T$ Lehman, Principal,. James II. Kieran Junior High 
School, New York City' 



■3 






Isidore Bogen discussed the problem of preparing teachers for the Junior 
High School- from . the point of view of recruitment and selection. Among the re- 
cruitment. prpblejns that are specific to science teachers in the Junior High 
School, Hie*" mentioned (l) general competition' for persons trained in science, 

( 2 ) inadequate training of those science, persons available for teaching,. 

(3) difficulty of locating persons with "generalist” as opposed to "specialist" 
training, and (4) difficulty of recruitment •df' science specialists- who have kept 
up with recent Curricular developments, n T§?tchers must be-i^elected for knowledge 
and for skill in, both science and pedagogy. ^ There is also the problem of mar- 
ginal persons when the supply*' 6 f teachers iS°ihAdequate. '“Among -his suggestions 
for the future are early recruitment., examination'pf. requirement^,- salary and 
xiorking conditions, and pre— service and in-service training programs. 



Frances L. Behnke discussed problems which have arisen from the changing 
nature of the curricula of the general science programs in the Junior High School, 
and suggested concerted efforts to alleviate the contrasts existing in the train- 
ing of Junior High general science teachers. For example, the development of a 
professional sequence of courses related specifically to the teaching of science 
and improved college teaching. Recommended college courses would include be- 
havioral sciences, courses on the nature of learning and on the nature of science, 
and training in the newer curricula, both in the updated content and in the re- 
directed philosophy. The Introductory Physical Science Project and the Earth 
Science Curriculum Project incorporate teacher training programs into their plans. 



John Logsdon discussed classroom procedxires and included the follovringi re- 
marks: Hhat a new teacher needs to know on the day that he meets that fipst 

class is how to develop mental activity. A good class meeting is one in which 
each student is put on the defensive — forced to fall back on his basic life 
experience in order to contribute effectively to class discussion. A thesis is 
proposed by the teacher, an antithesis is forwarded by a student. The synthesis 
of the two is achieved by developmental questioning and "stage directing" on the 
part of the teacher. By exploring possible antitheses to the bitter end - that 
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is, toy having various members of the class criticize each other’s contributions 
on the basis of common sense, experience., and text readings, a healthy spirit 
of -intellectual competition can he maintained for the duration of the period* . 

a * , 1 1 , t , f , 

, J • • ! ... 

Louis Teichman presented the principal’s view of what seemed nedded in pre- 
paration of Junior High School teachers, covering the following and other points: 
Assuming that* junior high, or intermediate, or middle school science will con- 
tinue to cover a range of science areas, '.eachers will need training, in each of 
the major science disciplines. A full year each of college biology, chemistry f 
• physics, and earth science seems minimal* 

Knowledge of the content areas is, toy itself, sterile. The teacher must 
understand science - its conceptual scheme, its methods, its impact on technology 
and .society, its promise .and .its limitations. He must know the processes of. 
scientific thought j . so that" he can use the bread and butter of facts to nourish 
.... and develpp critical thinking." 

; . The • teacher should have something to communicate. This something should • 
-be factual, Inspirational, scientific j entertaining, up to date, applicable, and 
appropriate. For this, the teacher needs a repertoire of techniques, methods, . 
and c materials. Emphasis, in methods courses should be on types of lessons, on 
lesson planning, on" the art of questioning, . on means for eliciting and for 
. ( . ..developing pupil participation, as well as on classroom routines. v 

: .'The., prospective -junior high school teacher of science should be able to 
“Communicate , at -the level of his pupils for understanding, and above their . 
level for inspiration and growth. 



* ' ?* 



Session Bx . PREPARING TEACHERS FOR TECHNICAL SCHOOLS AND JUNIOR COLLEGES 



Chairman: Nathan S. Hashton, Professor of Education, Queens 

\ College of the City University of New York 

- r .o :Panel: George Alterman, iDirector of the; Evening Division, 

<\,t Queensborough Community College . of the City University 

;■ ni ,v:r -. of New York- • 
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Irving Allen Dodes , Professor of Mathematics and 
Chairman of the Division of Mathematics and Science, 
Kingsborough Community College, New York Ci ty - 



<*• 

t 



In his introduction, Professor Washton described the framework of education, 
of which the community college is an integral part, and pointed up the functions 
served; by it. in our civilization, with the following remarks. . 



Junior or Community Colleges came ih(;o existence in the twenties and thirties 
^primarily as terminal institutions with the major function of training young people 
for specific vocations or L semi-professional or technical jobs. A few students 
transferred to the four-year colleges. Today the nunfor of students transferring 
from community colleges to four-year colleges, in increasing to the point where the 
terminal function or vocational function is : now in the secondary position. Hence, 
in many institutions, the first two years of instruction in junior or community 
colleges resembles the lower division in most liberal arts colleges. The role .of 
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the junior college becomes more difficult in that a minimum of two tracks may be 
needed for almost each type of curriculum. . v . r , 

The. highly varied and specialized curricula in the . community Colleges demand 
technically trained teachers who also must have the know how of imparting informa- 
tion to set the stage for learning to take place. Particularly in the’ teaching of 
soience, the junior college instructor can never be overprepared. Research in the 
many areas; of. science produce a quantity of knowledge that requires one to. devote 
himself full- time merely, to’ keep up with the advancement -of. scientific information. 

In addition, the instructor of .science in the community ooilege is .expected to give 
advice and guidance, to young .'adults who n^ed assistance in job selection. We - need 
a dedicated scholar* technician, and most important a sympathetic teacher, all T . 
wrapped in an aura as a director of learning. - The training for this type of teacher 
has not bee* fully designed as yet. ..... 

George Alteim\an discussed the preparation of science teachers for two-ye&r . 
colleges, stating first that the role of science in the twosyear college is deter- 
mined by the multiple objectives of this type of institution. The science offerings 
must, -therefore, include (a) basic -science for training of ' technical personnel; 

(to) general education, science for the non— science major; and {©) science for .poten- 
tial, science and engineering majors. » . ■ 

fie 'further said the major emphasis of the faculty in these science courses / 
must be on teaching. .The selection of faculty must, therefore, toe based upon 
(l) the ability to communicate ideas, to guide the development of understandings and 
the organization ’of inquiry, (2) knowledge of the principles, ideas and understand- 
ings of the specific discipline, and' (3) the ability to instill enthusiasm and in- 
spire curiosity. ■ . : . 

To process such an individual he proposes the follov/ing as a hypothetical model 
of a Ph.D. program that will more adequately serve our objectives. 

Undergraduate . A major in one science; a minor in a second} basic courses in 
other sciences and mathematics through statistics and calculus; the usual liberal 
arts background including basic courses in psychology, sociology, and logic. 

Graduate. The course equivalent of a master's degree in one science; one 
full year course in a second science; statistics; history and philosophy of science; 
psychological and sociological foundations of education and pedagogical: considera- 
tions as it reldtes to the. teaching of science and one discipline .specifically. 

For those who are not engaged in teaching - an apprentice * or intern program in a 
two-year college; for those already teaching - a program of intervisitations and 
supervision. 

For all. A thesis - one that employs all . the valuable features of a scientific 
endeavor (tout not necessarily involving original research) and "indicates scholarly 
skill and promise rather than one that contributes to human knowledge." 

t ^ ^ * : • • ■ * • - * ‘ v „ . 

I**''' * * * * * * 

• . * t -N , ' * fr 

. V * . .* . V i ' . • . . < ' 

Irving A Dodes discussed what we want iti.a community college teacher and 
listed, the following four basic requirements: l) a suitable knowledge of CONTENT; 

.2) a satisfactory TEACHER; 3) participation . in college ACTIVITIES ; 4 )., a- comtoina- 
tiori of rare PERSONAL CHARACTERISTICS. Using slides for illustration, ' Lodes ampli- 
fied the^e four categories . . *.." * 

With the slide on CONTENT he displayed the general courses r with their bordering 
subjects offered in New York City Community Colleges - such as Statistics,. Calculus, 
etc., sunder Mathematics; Botany, tBmbryology, Anatomy, etc., under Biology; Inor- 
ganic, -Organic and Physical Chemistry;. Nuclear and Atomic Physics; and the various 
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technologies — and emphasized the need for the teacher to A© able to ’’fill in” on 
any course in their main field. 

With the slide on TEACHING he explored a ) an understanding of general educa- 
tion as related to community college problems; b) certain essential pedagogical 
theory; c) a certain amount of job skill in actual practice; and d) the out-of- 
classroom teaching activities. He described examples and improvement techniques. 

With the slide on ACTIVITIES he listed some of the areas sfuoh as Budget, 
Syllabus. Curriculum. Space Planning, etc. in which the teaohe"* is expected to 

* m mm — - 

participate. 

With the last slide on PERSONAL CHARACTERISTICS he lis ted traits such as ■' 
poise, tact, courtesy, patience, and good relationships ar essential for the suc- 
cess of a community college teacher. 

*#* * * * * 

Discussion at the end of the presentations center id on the graduate training 
offered by NSP institutes and other graduate courses v'at do not grant credit 
towards a doctorate because of great variations in r< quirements for transfer cre- 
dit from institution to institution. A special type of doctorate for science 
teaching or for teaching was suggested in which both depth and breadth would be 
achieved. 

In his closing comments Professor Washton stated that we need a nationwide 
survey to determine curriculum and instructional developments in junior colleges 
to distinguish their unique problems from the four-year colleges. He said we also 
need to take the recently proposed doctoral program by AETS, implementing it for 
use for this type of teacher as well as for supervisors in science education. 



Session C: PREPARING TEACHERS FOR THE CULTURALLY DEPRIVED 



Chairman: J. Darrell Barnard, Chairman of the Department of Science & 

: • Mathematics Education, New York University, New York City 

• • . 1 .*f. ; i 

Panel: John C." Robertson, Professor of Secondary Education and Chairman . 

s ... • York University's Project APEX, New York City . , v , 

ric ; Roscoe Brown, Professor of Education, New York University, 

Virgil A. Cliff, Professor of Education, New York University, 

ii!j ‘ Edward E. Henderson, Professor, of Education, New York University,, . 

rr rtf)'? ■ •, * . *.- * - 1 

ty. Patricia C. Sexton, Professor 'Of Education, New York University, 

T ‘ All four above on administrative staff of Project APEX 



PROJECT APEX* • 

(A Program For, Excellence In Teaching) 

Project APEX is an experimental program at Hew York University, School of 
Education, sponsored by the U. S. Office of Economic Opportunity. Its purpose is 
to demonstrate that low income youths of promise but untapped potential can profit 
measurably from experience in a special five year university program and that some, 
perhaps all, can complete college and become teachers with specific competence to 
educate children in depressed urban areas. 







Project APEX differs from other kinds of college programs for low-income 
youth in that the youth selected for the project usually would not he able to 
gain admission to college. Project AFSX aims to serve some of the many youth iii r 
disadvantaged areas who have the ability to benefit from college and have been- » • 
overlooked by the traditional means of selection for college. 

An- important contribution of the project will be the identification, use and 
evaluation of criteria that are different from those usually used in selecting col- 
lege entrants from the disadvantaged segment of the population. The selection will 
be based on the following criteria and information will be obtained through inter- 
views, taste and attitude, and adjustment scales. . , r ice- 

a) academic performance - position relative to other students in the general 
curriculum. 

b) personal and social adjustment. 

c) demonstrated ability as a leader or participant in a group activity. 

dV aspirations. 1 

e ^commitment to a goal of service. 

:f) relationships with peers and family. 

The sixty students in this program will be selected from two New York City 
high schools which serve students from low-income neighborhoods. They will be 
male graduates of the general curriculum and will live near New York University in 
housing approved by the University. . The college program for the first three years 
of the Project will involve both remediation of the students, ..academic wealaiesses 
' and ^introduction ..to ~ the _ areas of knowledge usually covered, in the liberal arts^ro- 
gtfhm ih ‘Jiitet .‘tvxo years of college. . ' 

The structure of the program will revolve around four basic core areas of 
academic work. These are: l) language arts and the humanities; 2) social sciences; 

3) science; 4) mathematics. 

In each area the academic program will begin with the diagnosis of students • 
specific strengths and weaknesses in each content area. The curriculum that is 
developed in each of the areas will be based on these, diagnoses and +v ie rates at 
which the students gain competence in the areas. Students' academic study will 
be coordinated with work in a Uork Study program which will involve part-time work 
at Ndw York 1 University. "'.Information about the students' attitudes, personal and 
social adjustment, and their academic performance will be used to evaluate the Pro- 
ject. Periodic assessments will be made to determine the extent to which the ob- 
jectives of Project APSX are being achieved. 

As an adjunct to Project APSX, plan3 are being developed to recruit an addi- 
tional sixty young men from middle class backgrounds who will be trained in conjunc- 
tion with the APSX .students. These students will be academically able college 
freshman who are committed to learning how to work and teach in disadvantaged areas. 
Funds are being sought to support this part of the program. 



*A Research Report on FROJSCT APSX with a fuller discussion of aims and 
intentions can be found in THE MARYLAND T3ACHSR, Volume XXII, May 19&5 
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Session D: THE SCIENCE METHODS COURSE FOR SECONDARY SCHOOLS • • ‘ » 

Presiding: Dr. ; John J. Hontean, Associate Professor of Science . 

. Education, University of Rochester, Rochester, New York 

Presentation of Questions: Dr. Matthew H. Bruce, Jr., Assistant 

Professor of Science Education, Cornell University, 

. Ithaca, New York 

■r * •. • < ; 

Panel: Dr. Stephen S. Winter, Associate Professor of Science 

Education, State University of New York at Buffalo, New York 

V” * t-i . . .v* ■ • ' •' • 

: :• ’• Dr. T. Reginald Porter j. Associate Professor of Science 

Education,. University of Iowa, Iowa City, Iowa 



Dr. ^ Ernest Burkman, Associate Professor of Scienoe Education 
‘ Florida State University, Tallahassee, Florida 

Dr. Leslie W. Trowbridge, Assistant. Professor of Science 

Education. Colorado State College, Greeley, Colorado 

■::> :• r >: r r */ ■ . • ■ ! 

Dr. Hilo K. Blecha, Professor of Scienoe Education, 

! /University . .Of Arizona, Tucson, Arizonai r. • 



Ten questions were edited from the report of a 
meeting of science educators held at Skaneateles, 
New York, in. June, 1965* Each of the five 
panelists were asked to respond to two of the 
ten questions, dealing with the sub-questions 
as well. ~ . 






RESPONSE: . Dr.: Stephen S. .Winter. 









Question Is 



Where should the responsibility for the instruction in 
science teaching, methods reside? 



7 ? 



a*; Can it be divided? 

■;b. VIhat . sort ofj person(s) should teach the course(s)? 
c. How. Can more intaraction.be developed between those 
conoernefd with methods instruction and/or practice 
teaching and those whose concern is with the 
academic departments? 

’ d. Can the laboratory phases of methods instruction 
best be taught by the academic departments? 



. i. • 



* r 1 J ‘ ,J Ih trying this , thait, and other things in an attempt to develop a satisfaictpry 
methods course, I have (convinced iqyself that there is what mij^it be callfcda . 

'theoretical aspect to methods , For instance, the student should know that a' lec-^, 
turp is aiid does, what .its limitations are, and how it can be organized for maximum . 

‘ affect./ He should and' tyust know the' characteristics of a good discussipn, when to 
use it, and when not. He should know various ways in which a demonstration can be 
used; "for instance to initiate a topic, to confirm, to summarize. He should al'sp 
know what characteristics of a demonstration are likely to enhance its effectiveness 
and 'what characteristics of a demonstration tend to make if useless as ..a learning 
experience . ‘He must know how to test, etc., etc. . .. j. ....... r 

Now, these things a. good teacher does implicitly and naturally; . a poor teacher 
likewise performs them, inadequately, in' ari unconscious manner. Consequently^ I.. , 
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feel that the person who teaohes a methods course must not only he experienced -* * 
hut must also have the opportunity to think about methods and to analyze them. 

This suggests that a college person from the education department would he more 
likely to have had the interests needed for my concept of a- good methods course. 

At this level of concern, the academic area probably has little to offer except to 
exemplify good use of their methods. 

In the laboratory phase, on the other hand, academic department has much to 
offer because it is there that a student can get insight into the dozens of respon- 
sibilities that go into making a good student laboratory. The academic department . 
can be of great help oy employing future teachers as laboratory assistants in posi- 
tions where they can see the problem of setting up a laboratory, getting materials 
together, setting the stage for the student experiment, * etc. 

Question 2: VI hat patterns of placing methods instruction in the' sequence 

of professional preparation are most effective for prospec- 
tive science teachers? 

a. How much relative time should be devoted to methods 
instruction? 

b. Where should: methods instruction be placed with relation 
to the clinical experience for optimum effectiveness? 

c. What role, if any, should the practice teaching experi- 
ence have in evaluating methods students and courses? 

d. What should be the role of personnel from the academic 
departments in supervising practice teaching? 

The kinds of concerns of a methods course which X mentioned in answer to the 
-last question must be presented before the student goes out to practice teach since 
he must have this knowledge at his command. But it is less than half of the overall 
concern with methods. There is the question of analyzing one’s behavior - 
excellent though it may be from a theoretical point of view - in a live classroom. 
This can take place only when the student teacher is actually responsible for car- 
rying out instructions. 

• . 3 . , * * 

Consequently I feel that a methods course might well be divided into two parts. 

A one-semester tvjo-credit course dealing with the theoretical aspects of teaching 
which precedes student teaching} a one-credit seminar dealing with methods at the 
same time that he student teaches. In the latter, then, he can see how methods must 
be changed in response to student behavior as one conducts a full 45 or 50 minutes 
lesson. 

Both of these courses I see as being preparatory, limited, and in a sense 
rather dogmatic. While the student learns to fashion a pattern of behavior for 
effective instruction, he is not yet concern with overall curriculum objectives and 
broader philosophical and methodological concerns. He is still learning to identify 
his role iri a predescribed context. But the good science teacher eventually must , 
move from this self-centered stage to the stage of considering the science curricu- 
lum as a whole. This, in my experience, does not come until much later after he 
has solved his initial personal concerns. Consequently, I feel that a second methods 
course, perhaps under a more sophisticated title, is needed. In this course, the' 
student can, evaluate his actions in relation to full-year or full-program objectives, 
rathbr than, in relation to tomorrow morning’s lessons. I think that an attempt to' 
do this in the initial methods course is largely unappreciated because the student 
is hot yet f:r?ie enough from immediate concerns to make sense put of such long-range 
objectives - 

. Regarding the evaluation of the student on the job, I feel that the main., 
function of the supervisor is to 'assess whether 1 the school and classroom is * 















satisfactory from the point of view of the university, and to assure that practice 
teacher and teacher are working harmoniously. I feel that any direct assessment of 
the student teacher by the supejyisor is a very poor procedure because it is the 
supervisor's function to help this young person to develop into a good teacher. 
Evaluation, at this point, will tend to create a gap between the two as has been ex- 
tensively discussed in the supervision literature. 



RESPONSE: Dr. T. Reginald Porter 

Question 3? How can methodology taught in the science teaching methods 
course be made to reflect more accurately and at the same 
time influence more effectively the actual classroom prac- 
tices of science teaching? 

a. How can we letter exploit the potential to be found iu 
observation of actual teaching as part of methods 
instruction? 

b. In what ways' can practicing classroom teachers most 
effectively' be brought into the methods instruction? 

c. Is the ourrent stress on teaching science as inquiry 
tending to lose effect because it does not reflect the 
major direction of actual practice? 

The science methods course is most dpt to reflect actual classroom practices in 
science teaching if it is taught in a secondary science room (or a reasonable fac- 
simile) and each student has an opportunity to participate in some science lessons 
(ejpecially if the methods course is' taught before student teaching). If the methods 
course is to have an influence on science teachers and their teaching, there should 
be every possible opportunity for the' students to become familiar with reference 
books, visual aids, special techniques and programs. 

Observations of science teaching are • mo^t effective if discussed candidly both 
from a positive and negative point of view. v - ! Nor is it necessary for students always 
to observe good science teaching. Practicing classroom teachers will be most effec- 
tive as resource persons, consultants, and demonstration teachers. 

In any event, if the true inquiry teaching approach is used, the actual practice 
is hot lost because it keeps pace. ... 

Question 4: What role should the methods courses play in training prospective 

science teachers to teach science as inquiry? 

a. Should the methods course be expected to develop this? 

, Should the science course sequence be expected to develop 

this? Is it a joint responsibility, and if so, how can .. 
it best be coordinated? 

b. Can specific techniques be developed for use : in preparing 
prospective science teachers for teaching science as 

ox inquiry? : 

. j cf.- VJhat steps can be taken in methods instruction to OVh- 

' ! luate the Student' s possession of this ability? 

"• d. Is this aspect of the methods instruction already emphae 
v emphasised heavily, with no real evaluative criterion 

i upon which to base the emphasis? . . 

. • \ jr » . • . • • • ’ , : 

The science methods course will have to take the leadership in showing prospec- 
tive science teachers ways to teach science as inquiry because most college or 




university courses are service courses and. not planned to be taught in a 'specific 

Wvi- -v . • .. •. ■> . •• .vr 



•By example , -specific 1 : techniques can be set up to illustrate ^wayb ,bf teaching 
science as inquiry. It will be difficult to evaluate a ^tudeni'* s ability to teach 
“in this way, but it is possible. If the student is assigned (or chooses) a specific 



topic to develop and teach by the inquiry approach, his progress and results can 
be evaluated. 



•Ie cannot really "teach how to teach. T !e can only provide good examples of 
teaching and make resource materials available. The individual will formulate his 
own approapJvand philosophy as he . teaches .because teaching is a creative activity. 



RESPONSE: Dr. Ernest Burkman 







Question 5? 



How can students in the ' methods courses best be evaluated? 
How can the courses themselves be evaluated? 



a. How can we best determine whether the student has 
developed a consistent and logical, model of the 

. m^mer.in which learning takes place in science? 

b. Wq&\. practical means pan -we. employ to insure that 
there is a cpnt inuous, rel iahle feedback from 
teachers to methods instructors regarding what 
thei^ courses do, dp .not : do, or should do? 



•The basic quest fpn. to be ansvzered by- thar evaluation of courses in which methods 
of? science teaching dealt with is: "Hojf.r.well has the student integrated all of 

thp; knowledge and. skills Jie, has learned into operational terms?" In short: . "In ; \ 
what way does the individual perform differently as a teacher as a result of the 
instruction which he or she has received?'^,,. 



, If one views the evaluation problem in. these terms it . means that we must some- 
how measure both the specifics of the skilly and knowledge which we hope* we are con*- 
yeying, and good teaching, performance as we;H. At Florida- State University we are i 
attempting to evolve an evaluative scheme which takes into account both pfthese vj.I 
kinds of measures. 

jiff . ••• ‘ * : -V*. >’ : 

An attempt has been made to identify the specific skills which, a: .teacher of bio- 
logy, chemistry, physics, or junior high school science should be able to perform. 
Thp$e : . -include s$ch . things as making up solutions of different types, ability to con- 
nect up correctly and read a voltmeter, ability to parry out certain photographic 
skills, ability to use an overhead projector effectively, pr nervation methods for 
biological specimens, maintaining cultures of living organisms, etc. To evaluate 
whether or hot the student possesses "rich specific skills, we simply ask him or her 
to perform them at the end of the 'Course. 

The faculty of the .pLor.ida State University Department of Science Education has 
devised separate.. check listpL / or . eacn . of the sciences, and these are being expanded as 
we include other’ kinds of skills and techniques. Knowledge of specific content is 
handled by objective and.- sub j ep t ive examinations of a fairly traditional sort. Each 
student is expected to, 'be familiar, with the specifics of the organization of the 
various, new curricula, , t&e, general .aspects of the theories of such men as Piaget, 
Bruner, Gagne,* etc., principles involved in organizing teaching laboratories, etc. 

The problem of checking the students* ability to iricorpbr'ate specific skills 
and techniques into a teaching situation is a more difficult one to handle. At this 

Vi... .. \ b. : ’* 
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point i the hast approach seems to be that of utilizing systematic classroom observa- 
tions. The staff is currently at work on developing a scale, patterned after the 
Flanders approach in interaction analysis. When developed the scale will differ 
from the Flanders scheme in that it will include other aspects of teacher behavior 
than the verbal, and will deal specifically with those aspects of teaching which are 
somewhat peculiar to science.. . • ~ 



When this scale becomes available in polished form we plan to observe all 
prospective teachers in classroom situations looking particularly for evidence that 

. . 1« « * Art J Jl J *1 1A rt nrtrti 4*1 ’IfA mOYlYlOY* Sflfflft 
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work of this sort is going on presently with preliminary scales, particularly in the 
area of elementary science. .-.-Jj:. - 



Question 6: Relationship of the methods course to other facets of the 

professional sequence. What proportion of the professional 
sequence should be given- over fco • special methods 
instruction? 



The experience of the group at Florida State University has led to a situation 
in which the amount of general professional education Work required of the under- 
graduate has been drastically reduced, and the special methods portion of the se- 
quence has increased greatly. At the present time, more than two-thirds of all of 
the professional work taken by the prospective science teacher is taught and con- 
trolled by the Department of Science Education. 

The basic belief which led to this situation is that there is a special history, 
philosophy, psychology, and social basis for science teaching and that general treat- 
ments of educational psychology, etc-. , do not provide the kind of training required, 
lie have found,- for example, that upper class students coming to us have never heard 
of Piaget despite the fact that they have typically taken one or more courses in 
educational psychology. Since Piagei.ian concepts are obviously of interest ‘to those 
concerned with science teaching, we find it necessary, to . teach ^Science Educational 
Psychology” as’a part of our methods courses. Vie have found thiL general situation 
to be increasingly true over the years and have attempted to create courses in which 
psychology, sociology, measurement, etc., are incorporated into the science education 
sequence and integrated with those topics which are purely special in nature. The 
key premises in this way of looking at the relationship of the methods course to the 
remainder of the professional sequence are: 

A. There should be considerable reduction in the number of general profes- 
sional courses and that much of the material presently dealt with in 
these courses should be incorporated into a ’'package” viith a subject 
matter core. 



B. To relate _as jnuch of „ the content, of the special methods course _{§s — 
expanded to include the general topics alluded to above) as possible 
directly to teaching. This leads to the inclusion of heavy doses' of. 
systematic observation and participation in classroom situations. 



To carry out a program of the sort outlined above, obviously requires time. 
Furthermore, such a program requires large blocks of time since it is necessary for 
the student to spend consecutive hours in the laboratory, teaching situation, etc. 
The Florida State University group has solved the time problem by setting aside one 
full six-week period during which the student takes nothing but Science; education 
work. The instructor of this course is free to arrange flexible schedules to in- 
clude teaching practice at the University High School, reading xn the content which 
appropriate, previewing bf appropriate films at the University film center, and 
working in the laboratory on teaching experiments and demonstrations, etc. 



0 
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Dr. Trowbridge's suggestions for the new science methods courses appear 
-here in outline form. 



The basic pattern has been considered as successful by? all concerned although 
we do not have hard data to prove the point. As more and more information beoomis 
available we plan to. continue the rather substantial modifications which we have 
Begun to date.,, . y •. > 



RESPONSE: Dr. Leslie VI. Trowbridge. 



w avju 



n • 
I • 



?ki 





T 0% 4 nvi o *1 

40 wvuywuvAwtwj, 



oA*i anno mo+.^A^o AAnvo^ o tin ft m mft fti tti? 

_ _ ^ _ HIV -Tp 

all science^’ and. levels of secondary science teaching - 
adequate f of ..both junior high school and subject area 
specialty teachers? . 



a. Do we downgrade junior high school scienoe teaching 
by default in emphasizing special preparation in 
the special sub ject ..area? 

b. Is there realiy, any identifiable difference between 
the preparation appropriate for junior high school 
science teachers and senior high school science 
teachers? 






I believe the’ general science methods course encompassing all sciences and 
levels of secondary science teaching is rapidly becoming out of date - if ever it. . 
was adequate for the task. The practitioners of science teaching in junior and * 1 ^ ‘ 
senior high schools are specialists in their respective fields. Prospective teachers 
in these .fields deserve the greatest ^possible attention to the problems and methods 
.which are i appropriate for their specialty. . 

Development of the new courses in physics, chemistry, biology, earth science * 
and general science increases the need for special methods courses. Vihile it is true 
that many similarities in philosophy and approach exist among the new courses , 1 the 
fact remains that methods students cannot grasp the full implication^ qf,, these 
courses with superficial treatment. It is not sufficient merely to name • ib® n ® w 
curriculum projects, display some of their materials, and discuss some of corn ~ 

mon goals. Students must have opportunities to work with the’ materials, do fepresen- 
tative problems and experiments, write some of the tests, and observe high School 
students sit work in these courses. Only in this way will they be able to say^ when 
interviewed for a job, "Yes, I stm able to teach PSSC physicS" - or BSCS biology - 
or whatever the superintendent is looking for. 



The next few v years are likely to shew a change in the preparation of science 
teachers. I do believe the NSF is gradually going to get out of the business of re- 
training experienced science- teachers. It will be up to the colleges and univer- 
sities to modify their programs in such a way as to prepare teachers to teach the 
present nev?, courses or others- which will develop in the future, as part of their 
undergraduate programs . Please note outline attached herein. >'• 

1 'There is nothing in the subject matter of the new courses which is not capable 
of being taught by up-to-date academic departments. The undergraduate teaching* ma- 
jors dn physics; chbmist^^ biology, etc. will be prepared adequately to teach ‘ the 
appropriate subject matter. It is vitally necessary that the professional^ edudatlon 
of the prospective teachers be upgraded accordingly. The methods course which is re- 
quired for certification must give sufficient time to philosophy, materials, And 
objectives of the modern science r courses to make the student truly competent to teach 
thenn This can only be done in a special methods course. t ’ 

I might add that it is highly important that prospective science teachers, get 
the opportunity to practice tea'ch in one of the new courses as a follow-up 1 to the 
ijype 1 of kethods course described above. It is quite i ike ly that unless this l ' 



opportunity is afforded, the emphasis on new curriculum developments in the special 
methods .course will be largely wasted. 

Apart from the emphasis on the new courses, which may be an arguable point for 
many of you, the special methods course offers an additional advantage. This is 
with respect to the background preparation and competencies of the methods instruc- 
tor. It is a rare person, in my opinion, who is adequately prepared both from the 
standpoint of training and experience, to do justice to a?il the sciences in one 
methods class. While it may not be possible in a given situation to provide a 
methods instructor for each discipline, certain judicious groupings can be made, 
such as physical sciences, biological sciences, earth sciences, and junior high 
school sciences. At Colorado State College, provision is made at present for separ- 
ate methods courses in the first three of these areas. These are one-quarter courses 
carrying three quarter hours of credit. Enrollments range from five to twenty 
students per quarter. 

With reference to subhead (a) of the question, I would reply that we probably 
downgrade it more f by not providing a special methods course for the junior high 
school teacher. Junior high school teachers and the junior high school program in 
general have suffered for many years by the absence of identification, exprit de 
corps, and a clear sense of responsibility for this level of science teaching. I 
think there is no, single effort that could have a more unifying and salutary effect 
than a well-taught methods course designed specifically for the prospective junior 
high school teacher. 

With reference to subhead (b) of the question, I interpret this to mean dif- 
ference in methods of teaching and professional training. I think it is obvious 
there are differences in subject matter background. I believe there are differences. 
The impact of new programs at the junior high level, is beginning to be felt. In- 
creased emphasis on inquiry, investigation, and laboratory experiences demands 
teachers, who are alert to the manifold opportunities here. The junior high school 
science program is gaining prestige as courses become more clearly delineated and 
responsibilities within the framework of the total science program become better . 
identified. Differences in age level, maturity, mathematics background, motivation, 
energy,, and interests combine to make the junior high school group unique in the 
school system. It has been a neglected group. Junior high teachers have not been 
a cohesive group. It is time a sense of unity and purpose was developed in order : 
that this very important level of science teaching be strengthened. The special 
methods course can help do this. 

Question 8: What should be the role of demonstration teaching in 

the methods class? Who should do it - instructor, 
students, practicing experienced teachers? 

I believe there should be not only demonstration teaching but actual '•contrived" 
teaching and "capsule" teaching by students in the methods class.. . I„am a... firm he*=r 
liever in the maxim, "Learning by participation." I do not see how one can. learn as 
complex <an art as teaching merely be watching, t reading, and listening. It is true 
we provide a practice teaching requirement which may follow the methods course, but 
the first tentative dips into the "cold water" of teaching should be made in the 
methods class. Iri this situation, the duration is shorter, the control is firmer, 
and the feedback is . immediate . Other students in the class can play .the role of 
pupils, ^comments and. react i^ns can be solicited, and a fruitful critique session 
can be heid immediately following the teaching, if tactfully handled, this can be 
the most effective learning situation in the entire methods course. 

Demonstration teaching by the instructor or, practicing experienced teachers is 
certainly to be desired. Such occurrences should be built around specific types of 
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objectives, is to be encouraged. Closed circuit television, using live or taped 
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capacity for teacning science eneciiivcxori ouu uuw vw 
this be dealt with in the methods course? 

b. What part of methods instruction should be devoted to 
encouragement of creativity and the ability to recog- 
nize it in children? 

c. What stress should be placed on innovation in the 
preparation of the science teacher? 



This reporter in his search for information concerning this question found 
practically nothing in the revie,-: of educational research. However an assessment 
of what is available would seem to indicate that some common screening practices 
come to the forefront more than others* These mainly include: 

a. Screening all candidates prior to student teaching for speech deficiencies. 
These tests are usually administered by the speech departments. 

b* In many colleges, students are asked to take and pass an English profi- 
ciency test. 

c. Although less reliable, some schools administer personality tests to students 
before they enter student teaching. Such personality traits which reflect peop e 
orientation, teacher warmth, and intrinsic motivation rate high on this scale. 

d. Better subject preparation with a grade of "C" or "3" are being required in 
many schools because studies continue to reveal the lack of adequate preparation m 

\ . content areas. 

e. Perhaps the most difficult area to assess is that of psychological maturity, 
ilhsn emotional physical and psychological difficulties are suspected which might 
impede teacher effectiveness, a screening board should be asked to make a final 



Finally, it must be pointed out that teaoher competence is an elusive complex 
that seems to defy the gross measures of analysis. Perhaps there is a dire need o 
develop, with the aid of USF funds, a theoretical framework which would clearly 
establish strategies for teaoher preparation and the measurement of them. 



RESPONSE ^ Dr.' Hilo K. Blecha 




decision. 
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Question 10: Are modem methods courses and content preparation 

planned and designed in terms of what we know about 
adolescent behavior? 



In science we seem to be so preoccupied with science phenomena that there is 
a good chance we may have lost sight of the learner which in turn could bring 

vgu vou v x v nw* 

Modern science curricula was devel- 



mm wa4^ivimm 

aUUUb ujJiu.uj.ouAUg xg vua no* 



i n/Ci 4 .i* A%IA t.lA^AA 

x' vi g 4 vamj^j.g xix xyxsx vuoxo noxg 



graduates in science teaching than in 1950< 
oped without educational objectives formulated beforehand. Much of this material 
is based on learning theories that have been demonstrated to be untenable. 



In content new curricula are designed primarily for the college bound student 
who has demonstrated an interest in science as a career. 

Most promising of the recent innovations seems to be the switch away from 
rote learning to the stressing of skills and the processes of science. Much more 
emphasis needs to be focused on the learner and how science literacy can be incul- 
cated in youth. 
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GUIDELINES FOR THE DOCTORATE IN 
SCIENCE EDUCATION 
April 1, 1966 



With Che advent of large-scale secondary school curriculum projects, 

the growth of NDEA support, and the recent activity in science curriculum 
• * ** /r * < ! _ 

improvement at the elementary school and college levels, the need for 

• 4 * ^ * • f 

strong leadership in all a spects of science instruction has become apparent* 
To date leadership has come from many sources, including scientists in 
academic departments as well as science educators* Nevertheless, the only 
acknowledged and long-term sources of persons explicitly trained to provide 
continuing leadership in pre-college science instruction are the many doc- 
toral programs in science education*. Many universities are now in the pro- 
cess of modifying their programs in this field or of establishing new ones* 
The task of designing suitable doctoral programs in science education has 
been made difficult by the absence of accepted guidlines* Hence, at. the 
present time there is wide variation in content and quality among programs 
leading to the doctorate in science education. 

The Association for the Education of Teachers in Science is committed 
to the improvement of science curricula and of program for teacher education 
and, consequently, it is directly concerned with standards for doctoral study 
in science education. Therefore, in March 1964 the president of AETS, acting 
in accordance . with recommendations of the Executive Board, appointed a com- 
mittee to identify the essential common elements of doctoral programs in 
science education. The resulting committee report was presented to the 
membership at the March 1965 annual meeting. A modified report was then 
circulated widely to persons directly concerned with science education, and 

, 4 . i 

their criticisms were sought. r The committee has considered all responses 

* y . * • i fc 

carefully in preparing this final document. 

The program outlined below represents the thoughtful and informed 
response of this committee to the charge given it. Nevertheless, the re- 

v c . • •• ' •“= ' • • ’ 

port should be clearly understood to be not a mandate but a guide 0 . The 



Intent was to provid (1) a standard which universities could use to eval* 



uate their existing programs in order., to decide what changes, if any, should 
be made, and (2) a model 'which universities could refer to when trying to 

* | * *J»?* i ^ * 

decide whether or not to institute a doctoral program in science education, 
and which in tL«i affirmative case, could be used as a guide to the design of 
the program. 
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Many institutions may wish to initi te or sustain a program which demands 
more of the candidate; howe very i t ; is 'doix&fc f ul that 1 hhy institution should 
long permit itself to have standards ' lower than those suggested here. 

The report is divided into four' sections: the first discusses the 

occupational niches for which doctoral programs in science education can 
be expec ted to prepare candidates; the second deals with the prerequisites 
for admission into such programs; the third describes the model program it- 
self, and the final section presents some of the rationale undergirding 

• t i 
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various features of the program. 

Tip JO?. OF THE SCI^CE.EDUCATQR 
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It is manifestly’ clear that there' ard^seVerdl functions cowaonlyper - 
f osrmed< by persons designated as *•* science ^dduta tors.- w These 'may be organized 
-into three categories, each' of : which delineates (albeit with some overlap) 
ahindofrecognized position. These are: * ;f I : t5 

I, rr The college or university science educator; 

This person usually finds himself doing several, and some- 
r ; times all, of - the following: teaching science methods ' 

► 

courses, supervising student teaching in science, direct- 
: , ; ing or supervising and/or teaching in-service' training : -* 

• ij: -., programs £or:>science teachers, participating in local; v ” r - 

* * 

estate; or national science curriculum projects, 'consulting ; ‘! 
with schools- or-school systems on' science instruction, : '* * ‘ 

analysing research for ! its relevance to science instruction'' ** 
guiding 'ithtt'.s tudy of graduate students in- science ediidatibh, ' '• 

and carrying on research . * 

jjy * ^' e ; supervisor, coordinator, or director of 

v-ry 
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w " % science Instruction in a school system at iocal, county, 

. « „ ... ; • •••• , I-’ ’; , \ <f W V:\i\ i 1 

state, or national levels of responsibility. The work 
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usually involves the design and implementation of science 

..... .... • , • ' ,• • •» if*-' L- 

pf ograms , the provision of services and materials to 
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“ ’ itate the work of science teachers," and liaison between 

-‘-r .-*.*> « i i - ■ M -n v 1 ' ’• " r.- i •-> -: f 

' sc ience- feachers ~ and- leaders in the schools and persons in 

» T t. • , » "jo's j * ' V p '• * > *» .' t j - , > ,.y .’l*. O.' S." ; . .'jr* - '*.*:? 

' ' other agencies concerned with science instruction. Classroom 
" 5 science' teaching at ^pre-college levels is sometimes' involved, 
as is tlie teaching of occasiosmt science education courses 
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et hearby universities or extension division centers. 
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III. The research specialist on programs of science 
instruction. Like the science educator in Category I , a 
person in this category is usually located at a university* 
however, unlike the teacher or practitioner the focus of his 
attention is on, and the bulk of his time and energy is de- 
voted to, research and the guidance of others in research on 
aspects of. science instruction. He may also have some of the 
duties listed in Category X. v • 

It should be noted that the category "teacher of college-level science" 
is. (Opt .among the functions in this list, despite the fact that, at the pre- 
sent time, some persons trained as science educators devote most or all of 
their time to the teaching of science rather than to methods of teaching 
science, to supervised practice, or to research in science education. 

The committee felt that the proper training for a college science teacher 
or a research scientist should be quite different from that for a science 
'educator' artd felt that responsibility for the training program of science 
professors must reside with scientist? and their professional societies. 
There r f dre', °fche discussion that follows focuses on doctoral programs whose 
purpose is to prepare tdachers, practitioners, and research specialist's *'' 
in sdlence education. ■ 

j; *1 ly. * * ,f:. 1 \ * . * * : ’ • ^ ' 

i r < • . PREREQUISITES FOR ADMISSION . • • v • 

General Admissi on Standards . These should be not less than those 
1 required for admission tb the graduate school of arts and sciences at the 
same institution by whatever measurements are ordinarily used. That isj ' 
GRE scores or GPA or other ’devices used in' making admission decisions 
v: throughout the university should also be applied to decisions about those 
-'‘seeking admission to the doctoral program in science education. 




normally be completed before age 55; even though time is needed for gaining 
actual experience in school teaching and for obtaining: an up-to-date know- 
ledge of a science before embarking on a doctoral program. In general, 
candidates for doctorate degrees in science education should be given less 
and less encouragement to undertake a program if the projected completion 
date would take them past that age. Those persons who expect to devote 
their energy to science education research that is, those in Category III, 
should be encouraged to complete the degree before the age of 30* The 

starting age should be adjusted accordingly. This recommendation can 
be met only if there is a concomitant emphasis on early identification of, 
and ample financial support for, potential candidates. 
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Mathematics , Because science* is so closely Tela ted tb and dependent 
upon mathematics, it is necessary that workers in the field bf science 
education have an adequate background in mathematics. It is recdunended 
that, before beginning a doctoral program, a candidate should have 'd't 
least one year of college mathematics, preferably calculus. 

Classroom Experience , Persons entering programs^ leading to positions 
of types X and II should have two to four years of teaching experience in f 
elemenatry and/or secondary school, but longer classroom experience in- 
creases 1 the candidates *s age without adding compensating insights. For 
those going into research one or two years of Experience may be sufficient, 
and hot much more than this should be encouraged so that the r ‘candidate can 
complit^hisf dcfetirhl work at an early age. v '*' j il> ' J ' 

J " ’ ' THE DOCTOKAL PROGRAM 

r • ; • • • A:,*. •„ • : •* ' *• * ' - 

The following statements indicate, he [main feature^/of an acceptable 

program leading to a doctorate in ^science education. Fotethat the details 
and implementation are left, to the. individual universities . . . r . 

,.,1. . Death, in. science .. At tl>e time, pf; completion ofjthe doctoral pro- 
gram the candidate , should have-, the equivalent, of a contemporary master’s, 
degree in an area of science. This means thzt if he earned a: master’s. . :• : 
degree in an area of science some years earlier, he should, during the period 
of his doctoral studies, take encIV^U additibnsti^ graduate courses to bring him- 
self up to. date. xr: : - - 

...r.; $. Breadth is. science... FprojCatpgpriee I and II the- program should . in- 
sure; that ttxe .candidate, -h 3 $ ; . a t : . le£§t t .% ; one-year course with laboratory in 
each of the usual school science*^ namely, biology, chei^ifttry, . .physics .and 
earth science., While; ; this; requirement, may in many cases; be fulfilled prior 
to admission to the,, doctoral program,, courses or other .means should be. .used 
to insure that the candidate is knowledgeable about modem content gnd em- 
phasis in these basic areas, -i vie 

. 3 . History and/or philosophy of science . While ideally ra ^ullryear 
course in .each of these two subjects might be desired, f there* are .'.many.. prac- 
tical, .difficulties in fitting them into a program. However, ;the candidate 
should jhq 0 qxpected to complete np less than a year’s study in one oruthe;: 
other of h these .subjects, a year of study divided between : ther4i. i of taoyear s ; : 

cour ae . encompass ir,g both. , •«;. Am r c, 



o 
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4. Science education . By whatever means, the candidate should 

• * e .. 

become well informed about past advances in science education and reach 
the forefront of curricular arid other developments in this field. An ad- 
vanced course or substantial seminar should be the minimum, but a large 
number of courses in science education should not be required. 

5* Psychological, sociological and philosophical foundations of 
education. An advanced course or seminar based on each of these dis- 
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knowledge of role orientation, group dynamics, child development, cogni- 
tive and personality psychology and of the school as a social institution. 

6 . Statistics. No less than one full year of study which would carry 

" * . .{VM. , .. 

the student through experimental design and covarient analysis: pr the, equi- 
** . • , - <’ • 
valent should be required* A knowledge of some computer techniques; "would 

be desirable. Category III candidates should be expected to acquire the 

i . , ^ 

r A . * 

more advanced statistical skills. 

7 . Mathematics . Candidates should take one year of college mathema- 
tics in addition to the year required for admission. This should be cal- 
culus unless the candidate has already taken it. 

8 . Dissertation . A dissertation should be required so that the can- 
didate can demonstrate his capability to plan and carry out a . significant 
independent study. While the study should, be restricted in scope so that 



the candidate can complete the dissertation in a reasonable time, it should 
nevertheless be significant enough and of such quality that it can serve as 
the basis for a, report to the profession. The report will ordinarily take 
the form of a paper delivered at a conference, a published article, or. pre- 



fersbl w both. 

— 7 7* ‘ “ * * 

9... Professional involvement . During his period of residency the 
candidate should, be actively engaged in experiences pointing directly tor 
ward, his career ^oal. For example, with counsel . 3 ,nd criticism of his. pe?r- 
forpance by stajff members in science education, he might teach portions of 
a ^ejthods course^qr participate in supervision, of. science teachers. 

10. . Research , involvement . During, his . Residency the candidate, should 
be involved in some aspect of research, in science education. This is. to 
be expected especially of those candidates who are not going to be 
marily research workers. In order to meet this standard the institution.,.. , 
must have adequate research facilities and suitably staffed on-going 
search activities, including research in science education. . ..... 
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11 # Doctoral coranittee . The doctoral committee which supervises the 
work of a candidate in science education should contain representatives 
from relevant academic areas (science disciplines, psychology, statistics, 
etc.) and from education. History and/or philosophy of science are accepted 
as appropriate disciplines * • ■< ; 

: j \ 

12. Residency . The program should require at least two years, pre- 
ferably consecutive, or full-time residency. In some cases one year .cf re- 
sidency obtained during a recently completed master's degree programs may be 
included, but in no case Should a candidate be permitted to obtain tfe 

. . .« . • . U\I**M*' 

doctor's degree without spending one academic year in full-time residence 
on campus. 

15 # tItt^ limitation . The requirements listed above can form a uni- 
fied and purposeful program of study only if they are completed over a re- 
latively short period of time. For candidates in Categories t and II, the 
interval from admission to completion of the program should .not exceed 
seven years, while for candidates in Category III the interval should not 
exceed five years.. 



RATIONALE 
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■fc complete argument ih behalf of each feature of the -model program 
just outlined canndt be given here. However, a brief statement of the 
hssumptibhs made £hd J the reasoning involved may do since it has been shown 
1 Elsewhere that the science education profession accepts such a program in 
principle. 

fe nhmbers identifying the following statements refer to the similarly 

, . . * . , r;.. . : *i ’« O A r . r ** 

numbered features 1 of' the model J in the preceding section. 

\v/% 

X. The future of science instruction in the elementary and secondary 
school s will' be bhst served by the continuous and cooperative- of forts of 
science educators hnd scientists working together oh problems of teaefeer 
“preparation and ; oh science curriculum. It is important, therefore, that 
Science educators have a sufficiently deep 'knowledge of science based on 
advanced study in some field of ‘ science^ similarly, of course, scientists 
whir agree to work in the realm of science educes t-ion-btight to -he- expected 
to * acquire more than superficial knowledge of educational theory and 
practice'. Given this as idferable overlap lh‘ their training, the scientist 
► and the science educator can di3cuss problems bf curriculum and science 
instruction for the eiemetotary and secondary schools on a basis of mutual 
respect and support. 






2. In addition =to having some depth In a single science, a science 
educator must becompetent enough to help science teachers to biology/; 
chemistry, physics, and the earth sciences. He must have a minimum ‘ 
competence in these fields. The committee feels that for Categories I 
and II its recommendation here is ah absolute minimum, and a second 
year of study 'in each of the fields would be highly desirables : •- •• s - 

3 * Work in curriculum design requires that science be seen in * : ‘ 
perspective and understood in both its historical and contemporary 
aspects. An 'Understanding of the history and philosophy of science 
is essential to the^ development of such perspective. 

bv A .Science educator can hardly be competent unless he is aware 
of> the Current-developments in his field.! ' Science ins true tionhas been 
radically altered in the past decade by a series of events and develop* 
ments.Whether he is teaching undergraduates, supervising prospective 
science teachers, working in the graduate program, or whether he is 
employed. as a science education expert by a local school district, a 
science educator must dbe familiar with current curriculum developments 
and he must i&iderstandf- the philosophy which gave rite to their develop- 



ment. Furthermore, ; he should be well acquainted' with the current : 
•search in science' 'education' and understand the trends and issues of 
science instruction al theC present time. 

: ,, 5V The specialist in science education is also an educator. He 1 



mist he able to communicate^ effectively in' the field 1 of professional'*' 
education; as Well as in a field of science. Improvement in science-'*-'’ 1 - 
instruction, as in all education, calls for an understanding of the fhi -' 
sociological' and psychological factors involved in learning. 1 the- 
science' educator nebds to have a suitable mastery of the problems''-* 10 
of curriculum 'development and supervision. He should be competent **'■• 
to a degree which Will permit him to make contributions to general : 1 : 



educational theory. He should not he insulated from the general pro- ! 
blems of education in other -academic areas; • ’ 

5. Every science educator should have command of statistical 
theory which will permit him to interpret and to evaluate current 
research. Those in Categories- I and Ill.s^ould reach a level suffi- 
cient to permit them, to direct graduate study and do original research* 
7*: • Mathematics ris -a basic and fundamental tool Of-* modern science 
and it is required to understand much of the research botjh.in science 
and in education which is beitig reported in the journals.’ CalCdlus is 
an important tool for work in any area of science as well as in edaica- 
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8. The. dissertation or its equivalent is still the best vehicle 
for focusing the work of a doctoral study. However, many of. the studies 
now being completed are not well designed and are often too long .acdtoo 
diffuse. If there is a substantial science education research program at 
an institution, ! it should be possible to pattern a series of related re- 
search studies 'which will be suitable. as dissertation topics and which 
will, collectively, result in a unique and substantial contribution to 
the field of science education. 

9. and 10, , .The need to be directly involved as an apprentice in , 
the kind of work one will ultimately do requires no defense. It is : 
merely, a belated, recognition in education of a practice in graduate 
study which has long been accepted in. medicine, law, science and other 

fields.;.- ' •* 

11. The work of science educators has both academic and professional 
dimensions,. -The individual science; educator must serve as a link between 
scholars in different disciplines as '.well as between them and teachers. 
Consequently,, it is appropriate for. the doctoral committee to be comprised 
of representatives from the candidate’s science area as well as from the 
field of professional education. Such a provision may help insure that 
the candidate ’s science background will be ; adequate and that his knowledge 
of science is both sufficient and contemporary. Furthermore, scientists 
are more- likely to cooperate with science educators if they are given some 
responsibility in their training. Similar arguments hold in add it ion: .-.for 
psychology, sociology, or whatever other academic field the candidate 
studies in a major way. 

12, Full-time residency is. essential if the candidate is to -become 
immersed. in his discipline. He must be at a place whev^ he can. work? with 
other graduate students in the same field, as well as with academic leaders 
in his own and tainted .fields, where he can participate in. seminars, formal 
and informal, and in research. Full-time residency is much, more likely to 
insure this kind of experience thin work taken sporadically or on a com- 
muter basis. 
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